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Plate I (Frontispiece) 

HOPEMAN SANDSTONE AT COVESEA QUARRY [16907035] 

Contorted bedding in sandstone above normal dune-bedded sandstone. Height of 
cliff approximately 100 ft (D686). 
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Chapter I 

INTRODUCTION 

Location and Area 

The region described in the following account comprises the coastal parts 
of Morayshire and Banffshire between Kinloss and Portessie, an area of some 
130 square miles (Fig. 1). The southern margin of the sheet extends from just 
east of Forres to Fochabers and the high ground of Aultmore. This district, 
which for convenience is termed the Elgin District, includes some of the richest 
agricultural land in Scotland, and, with its low rainfall and relatively open 
winters, is favoured in comparison with the country to the east and south. 

Fig. 1. Sketch map of the Elgin district and the country to the south 

Physical Features 

Morphologically the Elgin District falls into two parts divided by the valley of 
the River Spey. In the east the highest ground in the area, the Hill of Stonyslacks 
(955 ft O.D.) overlooks the western end of the till-covered platform of lower 
Banffshire (about 150 ft O.D.), which is underlain by Dalradian flags and 
quartzites and by sandstones and conglomerates of Middle Old Red Sandstone 
age. 

West of the Spey the dominant features of the topography are the east-north¬ 
east trending ridges and valleys. In the north the Roseisle-Covesea ridge, 
formed mainly of New Red Sandstone rocks, is a low but prominent feature, 
the highest point of which reaches about 240 ft O.D. On the north side of the 
ridge are traces of terraces at about 120 ft O.D. near Burghead and 90 ft O.D. 
at Hopeman which may be remnants of a ‘pre-Glacial’ raised beach such as 
that described by Bremner at Stonehaven (1925, p. 40). To the east of the ridge 
stands the isolated hill of resistant Upper Triassic sandstone occupied by the 
suburbs of Lossiemouth, and to the south lies the drift-filled Spynie depression 
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and these together with frequent occurrences elsewhere in Morayshire (Duff 
1842) were later realized to be erratic blocks (Judd 1873) and part and parcel of 
the east and south-eastward dispersal of erratics into this and neighbouring 
areas (Cumming 1850; Martin 1856). 

Later in the Nineteenth Century the discoveries of reptiles in the New Red 
Sandstone became frequent (e.g. Judd 1885; Huxley 1877; Newton 1893, 1894). 

possibility that one of these could be of Permian age (Wallace 1901, p. 138), 
and this hypothesis was put on a sound footing in the next two decades (Watson 
1909; Watson and Hiclding 1914) when the faunas were found to compare 
closely with those known from uppermost Permian and Middle Triassic rocks 
elsewhere. 

! Concurrently with the advances in the understanding of the New Red Sand¬ 
stone, it was shown that the Old Red Sandstone south of the Moray Firth 
comprised the Upper_and Middle divisions of that system and that the former 
could be subdivided bn the basis of the fossil fish (Traquair in Harvie-Brown 
and Buckley 1896 and in Hinxman and Grant Wilson 1902; Taylor 1900; 
Horne 1923). More recently it has been suggested that the number of sub¬ 
divisions in the Upper Old Red Sandstone can be increased to five, of which 
three occur within the Elgin District (Westoll 1951; Tarlo 1961). 

In the field of sedimentary petrology a series of papers by Mackie between 
1897 and 1927 on the cements, heavy mineral assemblages, and chemical 
composition of the Elgin sandstones and associated rocks were pioneer studies. 
He was able to show the lithological distinctness of the Triassic rocks and the 
resemblance of the coastal Hopeman sandstone to the Cutties Hillock (Quarry 

, Wood) sandstone (1925), and recognized wind-faceted pebbles at the base of the 
latter (1901). 

Following on the early work on the erratics in the superficial deposits, Mackie 
(1901) showed that there were several distinct boulder streams, and Bremner 
(1916, 1928, 1934) and Read (1923) put forward evidence of multiple glaciation 

I in Morayshire and Banffshire to account for this and other phenomena, such as 
> superimposed tills of differing lithology. 

Summary of Geology 
The following is a tabular statement of the geological formations of the Elgin 

SUPERFICIAL DEPOSITS (DRIFT) 
Recent and Pleistocene 

Peat 

Present, post-Glacial, late-Glacial and storm beach deposits, 
and associated marine and estuarine alluvium 
Glacial and fluvio-glacial sand and gravel 
Glacio-lacustrine silt and clay 
Till 









STRUCTURE 7 

and Spynie. A third fault of this group is seen at the Tynet Burn fish locality 
(Fig. 10) and the possible continuation westwards may explain the apparent 
anomaly between the northward dip of the Middle Old Red Sandstone and the 
north-east trend of its outcrop. Minor east-west faults probably of similar age 
occur at a number of localities, e.g. at Burghead, and east of Portgordon. In 
several cases the south (downthrow) side has a lateral component towards the 
west. 

Fig. 2. Sketch map showing distribution of principal rock groups and major faults in 
the Elgin district 

The Rothes Fault is nowhere exposed in the Elgin District but its continuation 
can be inferred from the northward shift of the Upper/Middle Old Red Sand¬ 
stone boundary on the west side. Farther north near Elgin the thick Cornstone 
Beds of the Upper Old Red Sandstone east of the fault are not present west of 
it, and, as discussed on p. 45 there is evidence that the fault was moving during 
Upper Old Red Sandstone times, though most of the movement had apparently 
ceased before the deposition of the Rosebrae Beds. Further north a major 
fault passing between Quarry Wood and Findrassie may be a branch of the 
Rothes Fault system, reactivated at a later, post-Liassic date. This fault may be 
of the same age as the east-west faults described above. There is room for 
another branch of the Rothes Fault to pass west of Quarry Wood to Burghead 
Bay, but since the geological relations on the available evidence can be satis¬ 
factorily explained without it (see Chapter VI), it has been omitted from the 
‘Solid’ geological map. The Heldon Hill Fault also seems to have been active 
during Upper Old Red Sandstone times, allowing the disposition of beds of 
Rosebrae lithology on the south side. 

B 



A group of north-trending faults of probably post-Liassic age has been mapped 
in the Quarry Wood area, and another fault p 
the Jurassic of Lossiemouth Airfield against t 
Permo-Triassic strata to the east. Other small i 
in the field-details of succeeding chapters. 

: possibly with the same trend brings 
t the Upper Old Red Sandstone and 

1 faults of varying ages are described 

The joint pattern in the Permian and Triassic rocks in the north half of the 
sheet shows a broad maximum between N. 80° E. and E. 35° S. with very 
subsidiary maxima at N. 15° E. and N. 55° E. The majority of the easterly or 
east-south-easterly joints at any one locality comprise two sets with a small angle 
between them. On the coast in particular there are many silicified shear-planes 
on which little displacement can be detected: these may be of much the same 
age as the east-west faults mentioned earlier. The coastal exposures of the 
Hopeman sandstone show sets of sub-horizontal joints at many localities, and 
it is possible that some of these may be due to stress relief perpendicular to the 
ground-surface before or during the formation of the present cliffs. J.D.P. 
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Chapter II 

MOINIAN 

Introduction 
The Moinian rocks which crop out within the area of the Elgin (95) Sheet lie 
at the extreme northern edge of the extensive belt of metamorphic granulites 
which form much of the Central Highlands of Scotland. They pass northwards 
below the Middle Old Red Sandstone rocks which rest unconformably on a 
very irregular eroded surface cut in them. On the south-east side of Heldon Hill 
the Moinian rocks are separated from the Old Red Sandstone by a fault. The 
area of Moinian rocks occurring within the Elgin (95) Sheet is so small that 
mapping was extended southwards beyond the sheet margin, and the area 
described here is shown on the map (Fig. 3). 

Lithology 
The main rock-groups distinguished within the Moinian rocks of the area 

are indicated on the map (Fig. 3) by the letters A-C. Exposures are sparse, and 
consequently the lines separating the different rock-groups are for the most part 
conjectural, and relationships between the groups can be described only in the 
most general terms. Sedimentation structures were not recorded and conse¬ 
quently it is not possible to indicate the stratigraphical relations of the different 
lithological groups. Observation of the strike and dip of the foliation planes 
suggests that the generalized dip of the formations is towards the north with the 
result that Group A occupies the highest structural horizon and Group C the 
lowest. The different rock groups are described separately below. 

Group A consists of rather feldspathic psammitic granulite, having in places 
stripes and bands of pelitic and semi-pelitic schist. One specimen of pelitic schist 
(48986) is unusual in that it has strongly folded thin stripes up to i in across 
(Plate IIA) containing a very high proportion of apatite (up to 15 per cent). The 
apatite-rich stripes, which probably represent original bedding laminae, are more 
fine-grained than the remainder of the rock which consists of muscovite-biotite- 
schist with small anhedral garnets and small porphyroblasts of twinned albite. 

Group B is mainly siliceous psammitic granulite and quartzite. In places the 
psammite is massive but more often exhibits a well-defined flaggy structure. It 
is well exposed in the crags [140582] 600 yd N.N.W. of Pluscarden Abbey and in 
the grounds of Burgie House [088595], In thin section (48984) [140582] the flaggy 
quartzite exhibits a platy texture, the quartz grains being arranged in parallel¬ 
sided zones. 

Group C is dominantly psammitic, although it contains mappable bands of 
pelitic schist. The group is well exposed in quarries at Wester Newforres [063578] 
and near the summit of Heldon Hill [137581]. The psammitic rocks vary from 
micaceous feldspathic psammite to quartzite. The more micaceous psammite 
occurs in the quarry near the summit of Heldon Hill, while the quartzite occurs 
as bands in normal quartzo-feldspathic granulite in the quarries at Wester 
Newforres. The psammite at the latter locality contains thin stripes and partings 
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Many exposures exhibit no minor structures other than foliation, but in the 
quarries at Wester Newforres overturned and fairly tight folds and associated 
structures such as crumpling, mullions and rodding plunge at low angles 

li $t yhc axja[ p]anes 0f t[lese f0jds jjp at approximately 
”f /nl. 1 d He). Linear structures, probably 

wards the north-north-west 

towards the north-north-wi 
15 degrees towards the » 
associated with this episc 
throughout the western part of the ar__, .... J |_H 
has a similar trend. Towards the east, however, where the foliation ch_ 

nearly east-west, the lineations change in trend to plunge towards 

: of folding, plunge to 

the 
There is some evidence of considerable variation in the inclination of 

foliation planes across the strike, although as mentioned above, the generali 
dip of the Moinian formations is towards the north. The ’. 
of the planes may be the result of the development on a 

the 

ight 
turned folds described above. 

The change in the trend of the foliation planes from west to east suggests the 
presence of a major open fold, probably a synform, trending between south and 
south-west. The observation that the tight folds and associated lineations change 
their trend with the change in the orientation of the foliation planes suggests 
that the linear structures pre-dated the formation of the open synform. 

The tight folds and their associated linear structures fold, and therefore 
post-date, the main foliation planes in the pelitic and psammitic rocks so that it 
is possible to postulate the following sequence of structural ev 

The Moinian rocks have been regionally metamorphosed. The highest grade 
reached by the progressive regional metamorphism is uncertain, but it was 
sufficiently high to cause the crystallization of garnet in the pelitic rocks of 

the hornblende-schist of Group C. Evidence of 
porphyroblasts in the pelite 
it mapped on Heldon Hill is 
if amphibole by randomly 
retrogressive metamorphism 

. and of amphibole 
metasomatism derives from the presence o: 
of Group A and from the fact that the peli 
heavily feldspathized. The partial replacs 

"te indicates the developme 



Chapter III 

DALRADIAN 

Introduction 

Dalradian metasediments crop out over an area of 11 square miles in the 
extreme eastern part of the sheet. West of a line joining Buckie, Clochan and 
Braes Cairn the metamorphic rocks, which generally dip at about 25 degrees 
towards the south-east, are concealed beneath a cover of Old Red Sandstone 
rocks. 

In the Dalradian four main subdivisions are recognized. Each has been traced 
from the east margin of the sheet westwards until it disappears beneath the 
Old Red Sandstone. Three of these subdivisions, the Cullen Quartzite, the West 
Sands Mica-Schist and the Findlater Flags have been shown to be the inland 
continuation of groups well known from the type Banffshire coast section 
(Read, 1923). The outcrop of the fourth subdivision, for which the name Cairn- 
field Actinolitic Flags is proposed, does not extend as far as the coast and its 
correlation with the type succession is uncertain. Cross-bedding in the Cullen 
Quartzite shows that it youngs towards the south-east and that it forms the lowest 
part of the succession. In the area under description the base of the Cullen 
Quartzite is hidden beneath the Old Red Sandstone but to the south near Rothes 
in the Rothes (85) Sheet, its equivalent, the Ben Aigan Quartzite, rests directly 
on Moine granulite. 

The earliest description of the metamorphic rocks of Banffshire in which the 
Buckie district is mentioned was given in 1800 by Robert Jameson. Hay 
Cunningham’s ‘Geognostical Account of Banffshire’ which was published in 
1843 is accompanied by a map showing a twofold division of the schists south 
of Buckie which approximately corresponds to the Cullen Quartzite and the 
schists and flags to the south. Brief descriptions were also given by Harkness in 
1862, by Jamieson in 1871, and by Wallace in 1880. The Geological Survey of 
Scotland one-inch to one mile Sheet 95 published in 1886 distinguishes areas of 
quartzite from hydro-mica schist and flags. 

There has been no recent work dealing specifically with the Dalradian of the 
Elgin (95) Sheet, but several important works describing the ground lying 
immediately to the east may be mentioned. For a general description of the 
Banffshire coast section and the inland area to the south the reader is referred 
to the Geological Survey memoir dealing with the geology of sheets 86 and 96 
(Read 1923). Various aspects of the stratigraphy, structure and metamorphism 
are described by Read (1936, 1955), Sutton and Watson (1956), and Johnson 
(1962). 

The Cullen Quartzite crops out over several square miles around Buckie and 
Rathven. The dip is everywhere to the south-south-east at an average inclination 
of 35 degrees. Between the Mucks [424665] where the lowest beds are exposed 
and Arradoul [422632] where the quartzite dips below the West Sands Mica- 













20 DALRADIAN 

were probably dolomitic silts with ribs of limestone, interbedded with non- 
dolomitic silts and shales. The Cairnfield Flags are in general very similar to the 
Garron Point Actinolitic Schists while some of the calcareous and the kyanite- 
and staurolite-bearing rocks resemble rocks in the Crathie Point Calcareous 
Group of the Banff (96) Sheet. It is possible that the Cairnfield Actinolitic Flags 
merely represent a facies variation within the Findlater Flags but it is more 
probable that they are equivalent to the Crathie Point and Garron Point groups. 
If this correlation is accepted then it follows that the present anomalous position 
of the group is the result of a major tectonic structure (p. 25). 

Structure 

MINOR STRUCTURES 

Small-scale tectonic structures are well-developed in the Findlater and the 
Cairnfield Actinolitic Flags but in the Cullen Quartzite they are very imperfectly 
developed and often difficult to measure. From the limited evidence available it 
is clear that the minor structures reflect several periods of movement. 

The earliest structure, a schistosity lying parallel to the bedding, has been 
recognized at only two localities. Elsewhere it appears to have been completely 
obliterated by the superimposition of a later schistosity. The early schistosity 
is probably related to a period of folding which for convenience of description 
will be called FI. 

NW SE 

Fig. 4. Sketch of vertical section exposed on the north-east side of the Linn of Cairn¬ 
field [416619]. Minor folds (F2) in actinolitic flags. Note axial plane cleavage 
and in the north-west end of the section a small monocline (F4) 

Almost all the minor folds that have been found appear to belong to a single 
period of folding (F2). Small folds are well seen in the Core Burn and the Burn 
of Tynet but the best examples occur at the Linn of Cairnfield beside the path 
leading to the dam [416619] (Fig. 4). The axes and axial planes show only a 
slight regional variation of orientation in the area under description (Fig. 5). 
Over most of the Cairnfield-Findlater Flags outcrop the axial planes dip 
towards the south-east at an average of 25 degrees. The axes plunge towards the 
south-west at angles varying from 0 to 20 degrees. In the Burn of Tynet area the 
axial planes dip towards the east-south-east at an average of about 30 degrees 
while the axes plunge north-east at angles varying from 0 to 20 degrees. The 
axial planes are usually more steeply inclined than the general dip of the bedding 
although the reverse relationship is, of course, found on the overturned limbs of 

_ 



Poles to bedding planes contoured 
at 2-5-10-20% 79 points 

• Pole to F2 axial plane schistosity 

x Plot of F2 axial lineation 

STEREOGRAM OF STRUCTURES IN THE CULLEN QUARTZITE 

Poles to foliation planes contoured 
at 2-5-10-15% 141 points 

• Pole to F2 axial plane schistosity 
x Plot of F2 axial lineation 

a Plot of mineral lineation 

STEREOGRAM OF STRUCTURES IN THE FINDLATER FLAGS AND CAIRNFIELD 
ACTINOLITIC FLAGS 

STEREOGRAM OF MICROCRINKLES [F3] WHOLE AREA 
Fig. 5. Stereograms showing the orientation of structures in the Dalradian. All the 

diagrams are geographically orientated and based on the lower hemisphere 
projection of a Schmidt net 
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24 DALRADIAN 

mineral lineation and no evidence that one is superimposed upon the other. In 
view of this, and the fact that with only one doubtful exception folds with axes 
parallel to the mineral lineation have not been found, it is tentatively concluded 
that the mineral lineation is a structure parallel to the a or A axis of the F2 folds. 

Fig. 7. Block diagram showing the fabric of the Cairnfield Actinolitic Flags in the 
Burn of Tynet area 

Microcrinkling (F3) of the F2 axial plane schistosity is commonly found in 
the Cairnfield and Findlater Flags and in mica-schist horizons in the Cullen 
Quartzite. The orientation of the axes and axial planes of the microcrinkles is 
variable (Fig. 5) and two sets sometimes occur within one exposure. It is prob¬ 
able that there is more then one generation of microcrinkling but owing to the 
lack of exposures it has not been possible to confirm this. In slice (47067-8, 
48133) the microcrinkles are asymmetrical and a notable feature is the concentra¬ 
tion of mica in one limb of each crinkle. This is presumably the result of solution 
and migration of quartz during deformation. In the micaceous limb the angle 
between the schistosity and the axial plane of the crinkle may be very small and 
this gives rise to a strain-slip cleavage. 

The latest fold structures (F4) consist of small monoclines of brittle style. 
These are uncommon but have been recorded from a few localities in the 
Cairnfield and Findlater Flags. The axial planes strike east-north-east and the 
dip is either towards the south-south-east at approximately 45 degrees or towards 
the north-north-west at a similar angle. Folds with north-north-west-dipping 
axial planes are the more common. Conjugate pairs of monoclines are rarely 





the minor F2 folds and to the large F2 folds in major structure related to 
Drybridge area. 

The major fold in the West Sands Mica-Schist at Lintmill (Banff Sheet 96) 
has a different orientation from the folds at Drybridge. It will be seen from the 
block diagram (Fig. 8) that the axial plane strikes north-north-west while the 
axis plunges very steeply towards the east. The axial planes of minor F2 folds 
follow the general trend of the bedding round the fold showing that the Lintmill 
structure is post-F2 and therefore later than the large folds at Drybridge. 

The swing in strike of the quartzite west of the Hill of Stonyslacks is due to 
a very open synform plunging to the south-east. This structure probably 
developed at a late stage in the tectonic history of the area. 

Metamorphism 
All the Dalradian rocks of the Buckie district have undergone extensive re¬ 

crystallization and the growth of new minerals. Even the Cullen Quartzite, 
which contains the least altered rocks, is completely recrystallized and contains 
secondary biotite and locally a little garnet. In spite of this, original sedimentary 
structures are well preserved and occasionally it is possible to recognize the 
sites of clastic grains. The pelitic (gamet-biotite-schist) bands in the Cullen 
Quartzite show that this part of the Dalradian reached the garnet grade of 
metamorphism. The semipelitic rocks of the Findlater and Cairnfield Flags are 
fine-grained with well-preserved sedimentary laminations and superficially they 
appear to have suffered only a low to moderate degree of metamorphism 
However, the occurrence of kyanite and staurolite shows that locally at least a 
high grade of metamorphism was reached. 

The relationships between the various minerals and the minor structures 
indicate that metamorphism took place in several stages. The earliest meta- 
morphism probably took place prior to the F2 folding. Evidence of this is found 
in the garnets of the West Sands Mica-Schist. These garnets are either rounded 
or angular with signs of fracturing and a schistosity, believed to be related to 
F2 folds, is wrapped round them. Straight or slightly curved inclusion trails 
lying at a variable angle to the schistosity show that the garnets were rotated 
during F2 folding. The inclusions, which are much finer in grain than the ground- 
mass, show that there has been a considerable increase in grain-size subsequent 
to the crystallization of the garnets. Evidence of pre-F2 metamorphism is 
occasionally found in the Findlater and Cairnfield Flags. Specimens collected 
from a locality in the Core Burn and a quarry near Braes Cairn contain relics 
of a pre-F2 schistosity. This schistosity is defined by an alignment of biotite 
and muscovite and it is concluded that these micas crystallized during the period 
of FI folding. 

From the foregoing evidence it is likely that the Dalradian rocks of this area 
were already in the garnet grade of metamorphism at the beginning of the F2 
period of folding. The widespread development of the F2 axial plane schistosity 
shows that biotite and muscovite were crystallizing during the F2 folding. The 
absence of marginal alteration of the pre-F2 garnets in the West Sands Mica- 
Schist suggests that garnet was stable. In the Bum of Tynet area needles of 
actinolite tend to lie parallel to the F2 axial-plane schistosity and to a lineation 
which is probably related to the F2 folds. Thus, it appears that, locally at least, 





28 DALRADIAN 

£ 2 

I-I 
s: ^ 
•2 -5 

“S -S 
2 ^ 

_ 





and calotte with epidote, together with the absence of diopside, grossularite 
and idocrase suggest that the calcareous rocks of the Cairnfield Actinolitic 
,Jtf RTe™the&eenschist facies of metamorphism (Fyfe, Turner and Verhoogen, 
1958, p. 224). However, the presence of staurolite and kyanite indicates that the 
pelitic rocks are in the almandine amphibolite facies. No explanation of this 
juxtaposition of assemblages characteristic of different metamorphic facies has 
been attempted. 

Certain minor metamorphic changes which took place after the period of 
post-F2 static metamorphism remain to be described. Some of the kyanite 
porphyroblasts in the Cairnfield Actinolitic Flags are slightly bent and marginally 
altered to white mica. This post-crystalline deformation and alteration may be 
related to the period or periods of late tectonic microcrinkling. Staurolite in a 
pelitic schist from the Burn of Auchiefow shows considerable alteration to 
chlorite. Microcrinkling is well developed and the alteration is probably related 
to the formation of this structure. The ability of quartz to recrystallize during the 
development of microcrinkles is demonstrated by the segregation of quartz and 
mica into opposite limbs of each crinkle (p. 24). 

The minor metamorphic changes which are probably associated with the F3 
microcnnkles marked the end of a sequence of mineral changes which converted 
the original Dalradian sediments into their present condition. Temperature 
and pressure values were evidently so low during the F4 folding that no sig¬ 
nificant mineral changes took place during this final period of movement. 

The following table gives a summary of the main metamorphic events and 
attempts to show how they are related to stages in the tectonic history of the 
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Chapter TV 

MIDDLE OLD RED SANDSTONE 

Introduction 

The D alradian rocks in the east of the Elgin (95) Sheet-area are unconform- 
ably overlain by breccias and conglomerates which pass upwards into sandstones 
and rare nodular limestones which have yielded fish remains of Middle Old 

south-westwards along the high ground south of the Elgin (95) Sheet to the north 
of the Glen of Rothes. West of the line of the Rothes Fault a small triangle of 
Middle Old Red Sandstone enters the extreme south of the sheet just east of the 
River Lossie. Near Scaat Craig at the entrance to the Glen of Rothes the Middle 
Old Red Sandstone is overlain by Upper Old Red Sandstone (Hinxman and 
Grant Wilson 1902, p. 63) though the contact is not exposed. On the Elgin (95) 
Sheet the upper boundary of the Middle Old Red Sandstone is fixed within 
about 300-400 yd farther east at Fochabers Bridge where the arenaceous strata 
overlying the Dipple Fish Bed are succeeded at Redhall Quarry by beds carrying 
Bothriolepis (Taylor 1900, p. 47), though once again the actual contact is 
apparently not exposed. On the basis of ‘average dip’ readings the Middle 
division of the Old Red Sandstone appears to be between 1000 and 2000 ft 
thick, though these figures may well be in error because of the possible existence 
of concealed faults. If, as seems possible, the Old Red Sandstone strata on the 
south side of the Moray Firth are on the southern edge of a basin of deposition, 
thickening of the deposits in a north-westerly direction might occur. 

West of Buckie a number of exposures show Middle Old Red conglomerate 
unconformably overlying a few feet of limestone, red sandstone and shale, 
which in turn rest unconformably on the Dalradian Cullen Quartzite. It is not 
clear whether these unfossiliferous beds, here called the Buckie Beds, are also 
of Middle Old Red Sandstone age or whether they are older (p. 42). Unfossilifer¬ 
ous beds below unconformable Middle Old Red Sandstone conglomerate are 
known at several localities in north-east Scotland, and are regarded as being of 
Lower Old Red Sandstone age by Westoll (1964, p. 446). The evidence for the 
age of the Buckie Beds is discussed further below. 

Though the Middle Old Red Sandstone is on the whole better exposed than 
the Upper division, correlation of the various horizons is precluded because of 
faulting and to some extent by the scarcity of fossils. However, there are a 

sufficient to give a good indication of the lithology. Thus in the Dipple section 
(p. 34) a little over a quarter of the beds are conglomeratic and most of the 
remainder red sandstone. In the Tynet Burn section the proportion of con¬ 
glomerate and breccia is about 50 per cent, and on the coast west of Buckie the 
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Andesite. - - - - - 1 - 1 - 

Quartz-porphyry 1 * - 

Limestone .. .. - - - - 2 - - - - 

Sandstone .. .. 3 

No. of pebbles counted 



The sandstones in the Middle Old Red Sandstone are usually brick-red in 
colour and calcareous (Mackie 1897, p. 171; 1901, p. 58) as are the thin inter- 
bedded horizons of shale and siltstone. Concretionary bands and nodules of 
limestone are present in some of the shaly rocks, and at the fish bed localities 
preserve the complete fossil skeletons of fish. 

of quartzite and Mi _o_t____ /^,tllv,U5„ 
up to 100 ft in height it is only occasionally possible to discern signs of 
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stratification. Traces of bedding dipping 

places the conglomerate is decomposed.8 
farther north, at Birnie Bridge [202584], there are further outcrops of the 
lglomerate, and downstream from the bridge for the next 200 yd, more 
strata appear including coarse red and yellowish green pebbly sandstone, 

red and green shales. A three-foot bed of highly 
rich in lenticles and nodules of fine-grained limestone. Some 
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At the best exposures of the Upper Nodule Bed (7), on the left bank of the stream 
adjacent to the fault shown on Fig. 10, about 15 ft of purple silty clay with bands and 
nodules of hard limestone is seen. The limestone is cream in colour with patches of 
red. According to Malcolmson (1859, plate xi, fig. 9), three horizons of ‘shale with 
ichthyolites’ occurred here, and Wallace (1880, p. 333) mentions two fish-bearing 
horizons within the nodule bed. Wallace records Osteolepis and Pterichthis from the 
lower horizon and Diplopteris, Cheirolepis and Cheiracanthus at the upper, some 4\ ft 
above the lower. A list of fauna is given in Appendix II, p. 135. 

Fig. 10. Sketch map of outcrop of fish-bearing beds, Lower Mills ofTynet 

A few fossils have been found at other levels. Malcolmson mentions for instance 
that Dipterus was got (probably from Bed 6), and Wallace records Coccosteus from 
a lower horizon (probably Bed 4). 

Bed 8 is cut off" by a zone of faulting (Fig. 10) from the 400 ft or so of gently-dipping 
beds exposed farther downstream.1 At the base of these is a red boulder conglomerate 
with thin sandstone lenses, some 130 ft thick. These strata grade upwards through 
interbedded red sandstone and conglomerate to cross-bedded sandstone with only 
occasional thin bands of conglomerate. At a locality [382623] 300 yd upstream from 
Lower Auchenreath and some 240 ft above the lowest bed of the conglomerate is a 
6-ft band of red shale with ribs of limestone overlain by a considerable thickness of 
sandstone with subordinate bands of conglomerate and red siltstone. A band of purple 
marly shale with calcareous nodules (the Tannochy nodule bed), formerly seen 300 yd 
upstream of the junction of the Core Burn with the Tynet Burn, is reputed to be 

1 The sections are discontinuous and the thicknesses given assume that faults are small or 
absent. 
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Petrography 
The lowest limestone of the Buckie Beds below the Middle Old Red Sand¬ 

stone conglomerate on the Buckie shore (Bed 1, p. 39), is reddish and in thin 
section (48151), is seen to be dominantly fine-grained calcite interbanded with 
laminae and patches of coarse-grained calcite. The latter in part represent 
cavities now occupied by free-grown drusy calcite crystals. Also present are 
scattered rather corroded grains of quartz and feldspar and a few flakes of 
biotite and muscovite. The colour is given by disseminated yellow-brown and 
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red-brown iron oxides, and there are isolated very sparse crystals of tourmaline 
and zircon. Bed 3 (48152) is similar except that the patches of coarse-grained 
calcite are haphazardly arranged and at two points there are small sheaves of 
barytes crystals (1 mm). The limestone overlying the Gollachy Burn andesite 
(48149), [406645] includes disoriented corroded fragments of the andesite 
together with quartz grains and a few flakes of biotite and muscovite. 

A reddish micaceous siltstone, collected from Bed 6 (48153), [414654] consists 
of about 30 per cent of clastic material in a cement of calcite speckled with 
reddish brown and yellowish brown ferruginous matter. The clastic material 
with a grain-size of 0 1-0 -2 mm is chiefly angular quartz, with much muscovite 
and biotite and a little feldspar. 

Five thin sections of sandstone and siltstone from the Tynet Bum and Dipple 
areas were examined. In a grey sandstone streaked with red from just above 
the Dipple Fish Bed (p. 34) alternating coarse- and fine-grained bands (51191) 
are composed of corroded clastic quartz and microcline, with substantial 
amounts of muscovite and biotite and a few grains derived from quartzite and 
from micaceous flags. The cement is largely calcite with pockets of kaolinite 

epidote, rutile and sphene, all excepting sphene being minerals reported by 
Mackie (1925, pp. 153-5). In siltstones collected from the Sweethome Nodule 
Bed (51192, 51193) [33245903] and from near Fochabers Bridge (51194) 
[33895942], much of the cement is carbonate. Biotite and muscovite are common, 
and the same suite of heavy minerals is present. The reddish colour in these 
specimens is due to the presence of varying amounts of translucent red-brown 
iron-oxide. A slice from a siltstone collected from the main Tynet Burn nodule 
bed (51196) [382620] shows small patches of chlorite among the largely calcitic 

Stratigraphy 

Two problems peculiar to the Middle Old Red Sandstone of the district 
involve (a) the stratigraphical position of the Buckie Beds below the conglomerate 
on the Buckie foreshore and the allied problem of the age of the Gollachy Burn 
andesite, and (b) the correlation of the fish-bearing strata. 

(a) The exposures admit of two solutions: (i) The conglomerate in the Burn 
of Buckie south-east of Buckpool Harbour (Fig. 11) underlies the limestone 
and infills a deep trough between the nose of Cullen Quartzite WjSt0°ft*e 

reading the conglomerate on the foreshore north of Buckpool Harbour is a 
higher bed than the conglomerate in the Bum of Buckie, (ii) There is only one 
bed of conglomerate, and the Buckie Beds are entirely cut out and overstepped 
towards the south-east (Fig. 11, Section A-A'). This interpretation is preferred 
because it fits in with the known unconformable relationship of the conglomerate 
to the Buckie Beds, and requires only shallow relief of the floor of Cullen 
Quartzite. 

The Gollachy Bum andesite, exposed only at the one locality, has been 
interpreted both as a contemporaneous lava flow in the Middle Old Red 
Sandstone (Geikie 1878, p. 435; Sheet 95, 1st edition), and as a lava flow in the 
Lower Old Red Sandstone (Westoll in Watson and others 1948). According to 
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the various members of the Upper Old Red Sandstone succession it can be further 
concluded that most of the movement on the Rothes Fault had ceased before 
the deposition of the Rosebrae Beds, though a branch of it was apparently again 
active after Lower Triassic times. These relationships are shown diagram- 
matically in Fig. 13. 

ALVES BEDS 

SCAAT CRAIG BEDS 

CORNSTONE BEDS 

- GEOLOGICAL BOUNDARY 

-1-FAULT 

Fig. 12. Sketch map showing distribution of subdivisions of Upper Old Red Sandstone 

At the edge of and outwith the area covered by the one-inch map, on the 
south side of Heldon Hill, sandstones similar to the lower part of the Rosebrae 
Beds (mapped as undivided Upper Old Red Sandstone on the one-inch map), 
are separated by a fault from Moinian rocks to the north. This fault, the Heldon 
Hill Fault, appears, like the Rothes Fault, to have moved during Upper Old 
Red Sandstone times. On the east side of the Rothes Fault the thickness of strata 
is probably very great, though since the solid rock is almost unexposed the 
estimated thickness of 4000 ft may be much reduced by concealed faulting. 

ROSEBRAE BEDS 

MIDDLE OLD RED SANDSTONE 

MOINIAN 

X ALVES BEDS 

e ROSEBRAE BEDS 
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North of the outcrops of Rosebrae Beds rocks of Upper Old Red Sandstone 
age are known near Lossiemouth and have been intersected by Geological 
Survey boreholes at Clarkly Hill near Burghead, at Rosebrae Farm north of 
Quarry Wood, and at East Mains in the Spynie depression. The strata at Rosebrae 
Farm have been tentatively correlated with the Alves Beds (Appendix I, p. 133), 
but the position of the other occurrences within the succession is not known. 
Boreholes drilled between Hopeman and Inverugie during 1967 intersected fine¬ 
grained sandstones of Rosebrae type. 

Scaat Craig Beds 

Middle Old Red Sandstone 

Moinian 
s 
£. 

!c 

<--- 5miles ---> 

Fig. 13. Section to illustrate the westward overstep of the Rosebrae Beds below the 
Permo-Trlassie unconformity. Later faults not shown. Not to scale 

The distribution of the Upper Old 
summarized as follows: 

West of Rothes Fault 

Rosebrae Beds 
Alves Beds 
(Moine Schists) 

Red Sandstone in the Elgin area can be 

East of Rothes Fault 

Rosebrae Beds 
Cornstone Beds 
Scaat Craig Beds 
(Middle Old Red Sandstone) 

Details 

Lossiemouth Area. Upper Old Red Sandstone strata are exposed on the shore at 
Stotfield north and west of the faulted junction with the Trias. They comprise fine- to 
coarse-grained pink and red sandstones which vary from friable to hard and silicified 
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Cummingstown, however, the Hopeman sandstones are faulted against 
Burghead Beds, but for the most part the southern contact with neighbouring 
rock formations can only be inferred on somewhat slender evidence. 

Many of the Hopeman sandstones are laminated to a greater or lesser degree, 
and are composed of well-rounded grains of quartz and feldspar often of high 
sphericity, with only a little mica. These characteristics, taken in conjunction 
with the large-scale cross-bedding, are suggestive of dominantly aeolian deposi¬ 
tion and the deposit is generally regarded as a dune-bedded sandstone (Westoll 
in'Watson and others 1948, Shotton 1956). At one locality, however, there is a 
small thickness of water-laid pebbly sandstones, and some of the large foreset 
beds elsewhere show evidence of water action in the form of small-scale cross¬ 
bedding. In addition, the foreset beds are frequently modified by penecon- 
temporaneous movements which have produced basin and dome structures, 
fold lobes and blisters, and local brecciation (Peacock 1966). The thickness of the 
Hopeman sandstones is some 200 ft in the Geological Survey borehole on 
Clarkly Hill and probably diminishes from west to east. 
, As mentioned above, the Hopeman sandstones have yielded few traces of 
fossils. Reptile footprints were formerly common at the now long-disused 
Masonhaugh Quarries [125692] and have been observed from time to time on 
other parts of the coast, particularly in Greenbrae Quarry [137692] near 
Hopeman (where they are known as ‘rabbit footprints’ by the quarrymen), and 
more recently at Clashach Quarry [163702] (p. 61). Watson and Hickling 
(1914), after a study of the prints here and at other localities, concluded that 
an Upper Permian age was confirmed, but this type of evidence would now be 
regarded with reserve. That the rocks are not otherwise completely unfossiliferous 
was confirmed during the revision survey when a small unidentifiable fragment 
of bone was found at Greenbrae Quarry. It is of interest that much of the 
fossiliferous material at Cutties Hillock appears to have come from near the 
base of the formation, and it may be that the absence of exposures of this part 
of the succession on the coast accounts for the apparent lack of fossils. 
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SANDSTONES OF CUTTIES HILLOCK (QUARRY WOOD) 
Sandstones from Quarry Wood Hill compare closely with the Hopeman sandstones. 

Two specimens from the summit of Quarry Wood Hill (49625-6) are similar to the 
silicified sandstone on the coast north-west of Masonhaugh Quarries, described above. 
In laminated sandstone from a nearby quarry (49629) [17956355], the grain-size varies 
fromO'4-0-5 mm in the coarse laminae to 0 1-0-2 mm in the finer-grained laminae, 

The sandstones fall within the protoquartzite group of Pettijohn (1957). The low 
percentage of heavy minerals and micas, together with the shape of the clastic grains, 
support the view that they were deposited by wind. Some compaction with concomitant 
formation of overgrowths on the sand grains apparently took place before the in¬ 
coming of the relatively sparse cement of barytes, fluorspar, and silica. At one locality 
it is suggested that fluorspar mineralization took place during two phases separated by 
the growth of calcite concretions and by movements on shear planes. The relationship 
of the cementing substances to the galena-fluorspar-barytes mineralization in faults 
and in disseminations (p. 125) has not been directly ascertained, though there is 

Burghead Beds 
The Burghead Beds crop out on the coast at and near Burghead, and are also 

seen between Clarkly Hill and Inverugie. 





b. Pink and brown hard pebbly sandstone, pebbles up to 2 in .. 21 9 

{grained, with partings of greenish sandy shale at top 8 4 
Sandy shale, yellowish brown, micaceous. 2 
Yellowish to pinkish brown, well-bedded sandstone with 
pebbly bands, soft in part . 14 0 
Pebbly sandstone . 16 6 

Bed 1 at Inverugie evidently equates with (b) at Duffus, and 3 with (d). 
On the south side of the Hill of Roseisle a partly overgrown quarry [15166690] 

above the road some 500 yd E. of the Bank of Roseisle exposes 20 ft of pale yellow- 
brown, siliceous sandstone, rather massive, with gritty beds and scattered pebbles up 
to 3 in across. Near the top of the quarry is a band of yellow siltstone a foot thick. 
There are traces of another old quarry 400 yd to the north-north-west which formerly 
exposed soft yellow sandstone. 

Other localities. On the south side of the hill at Lossiemouth the beds below the east 
quarries (Triassic) are exposed in the old post-Glacial sea-cliff, now much modified by 
housing development and quarrying. At a point 400 yd N. 85° E. of the school [233705] 
there is a section some 15 ft high of alternating thinly-bedded, yellow and pink sand¬ 
stones dipping gently north-east. Sets of cross-bedding vary from about 9 in thick to 
1 in towards the top. Some micaceous siltstones occur together with gritty bands and 
lenses with small quartz pebbles. Some of the beds are strongly colour-banded and 
calcareous, with lustre-mottling. The bottom 2 ft is a hard micaceous siltstone, and the 
succession grades upwards into massive siliceous sandstone. A poorly-exposed section 
on the north side of a fence surrounding a recently erected block of flats [23547065] 
some 180 yd WSW. of the above and 15 ft vertically below it shows 2 ft of yellow- 
brown, pebbly sandstone identical with material from a similar horizon in the Spynie 
Quarry Borehole (p. 131) and is doubtfully referred to the Old Red Sandstone. 

From Burghead to Cummingstown, the Burghead Beds are mainly pale yellowish 
brown to greyish orange (10 YR 7/4 to 10 YR 6/4) and range from coarse-grained 
pebbly sandstones with prominent red and white quartzite pebbles, through gritty 
sandstones to greenish yellow siltstones and, rarely, clay. Some beds are friable and 

In thin section, three specimens collected on the shore [11926910] are inequigranular 
(commonly 0-3—1 -0 mm), the clastic grains consisting dominantly of quartz, with about 
5 per cent feldpsar (fresh microcline and untwinned alkali-feldpsar), and scattered 
grains of metamorphic quartzite, granular quartz, strained vein quartz and chert. A 

cement may be secondary quartz or chalcedony, or small plates of calcite partly 
enclosing the clastic grains (46860). Some packing of the quartz grains has undoubtedly 
occurred, bringing the grains into contact at many points. A few calcite spherulites 







of Maggie’s Craig [227710]. At a locality [22957121] near Maggie’s Craig is the 
Jurassic sandstone reported by earlier observers. Much of the shore section, however, 
between Stotheld and the harbour at Lossiemouth is formed of Cherty Rock which 
consists of white limestone and white to dark brown chert. Irregular bodies and ‘rafts’ 
of silicifled sandstone may be seen at some points, and drusy cavities filled with quartz, 
calcite and hematite are common, particularly in the more siliceous parts of the rock. 
The limestone often contains numerous tiny pellucid quartz grains. At Maggie’s Craig 
and on the north side of Lossiemouth harbour the rock passes down into fine-grained, 
siliceous sandstone, but at the west end of the harbour the calcareous and siliceous 
‘sago-pudding’ variety of sandstone is seen at the contact. Veinlets and irregular 
disseminations of quartz, calcite, pyrite and galena are common especially near the old 
lead mine [22957105], and north of Lossiemouth harbour joints carrying barytes pass 
from sandstone into the chert. Casts of fluorspar crystals can be seen near the old 







SUMMARY 
1 and even-grained sandstones, the shape of the grains and the sparse 
nerals are in keeping with aeolian deposition. The ‘sago-pudding’ 
obabiy deposited by water. The complex lithologies of the Cherty 

Conditions of Deposition 
From what has been said in the foregoing pages there is little doubt that the 

bulk of the Cutties Hillock and Hopeman sandstones is wind-deposited, but 

azimuths and dips of cross-bedding in the Hopeman sandstones suggests that 
the dominant wind was from a north-easterly point with a subsidiary maximum 
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from just east of south. This is in broad agreement with Shotton (1956, fig. 2) 
and Opdyke (;n Nairn 1961, p. 53 and fig. 3). Sufficient readings have not been 
obtained from the Cutties Hillock sandstone at Quarry Wood and at Carden 
Hill to be significant, but those available also suggest a derivation from a north¬ 
easterly direction. 

The origin of the penecontemporaneous disturbed bedding in the Hopeman 
sandstone has been discussed in detail elsewhere (Peacock 1966). It is suggested 
that the disturbance occurred while the sand was partly dry and partly damp, 
the water acting as a cementing substance. When movement took place the wet 
sand retained sufficient coherence to form brittle-style folds at some localities, 
but at others the beds yielded by fracture. The dry sand, being in a loosely- 
packed condition (Bagnold 1941), behaved like a quicksand. Thus once-con- 
tinuous laminae of damp sand, broken during movement, were separated by the 
flow of the dry sand to give rise to the fragments of bedded rock now seen in 
structureless sandstone, the latter derived from incoherent dry sand. The cause 
of the movements is in some doubt, but may possibly be connected with under¬ 
cutting of unstable dune faces by the lioodwaters associated with local cloud- 

Unlike the remainder of the Permo-Triassic rocks of the Elgin district, the 
Burghead Beds are dominantly water-laid, though the occurrence of horizons 
with faceted pebbles is suggestive of exposure to wind. The strong but relatively 
small-scale cross-bedding, the silty laminae, sometimes affected by desiccation 
cracks, and the occasional occurrences of pellet conglomerates strongly suggest 
fluviatile, probably floodplain conditions in an arid or semi-arid environment. 
Temporary lakes would allow the accumulation of rare thicker beds of silt and 
clay. However, the apparent absence of a fish fauna such as that which flourished 
during Old Red Sandstone times, and indeed the lack of fossils of any descrip¬ 
tion, including plants, suggests that conditions were relatively unfavourable to 
life. The dearth of organic remains could, of course, also be attributed to the 
conditions being inimical for their preservation. Whether or not the thin water- 
laid beds below the Lossiemouth quarries are representatives of the Burghead 
Beds, the thickness of the pebbly sandstones evidently diminishes rapidly from 
west to east. Measurements of cross-bedding at Burghead suggest that part at 
least of the sediment was transported from the west. 

Some of the characteristics of the Sandstones of Spynie, Findrassie and 
Lossiemouth such as the large-scale cross-bedding, the apparent absence of 
pebbles, the well-rounded sand grains of high sphericity, and the paucity of 
micas and heavy minerals are suggestive of aeolian deposition, and indeed 
Shotton (1956, p. 451) has remarked that the Lossiemouth sandstone is the only 
undoubted aeolian sandstone he has seen in the Trias of the British Isles. The 
few readings of dip and direction of the cross-bedding indicate derivation of the 
sandstones from a southerly point. This presumed aeolian sandstone is under¬ 
lain by a few feet of water-laid sandstone and is overlain by the Che'rty Rock, a 
chemical limestone and chert formed by replacement of sandstone. 

An assessment of the extent of the Upper Triassic in the Elgin area is hindered 
by the extensive drift cover, but it is perhaps significant that at Inverugie cherty 
limestone correlated with the Cherty Rock rests directly on Burghead Beds. It 
would seem, therefore, that the aeolian sandstone may be restricted to a small 







Lossiemouth. This is the only place at present known where a section can be 

remains 20 or 25 ft above. It is very remarkable, however, that in examining 
the section no trace of any break in the continuity can be seen’. 

The conflict of opinion and fact between the Survey account and that of 
Judd was noticed by Newton (1893, p. 434) and it is unfortunate that no attempt 
seems to have been made at the time to resolve the factual difference. Judd and 
Bonney evidently saw only the uppermost bed below the conglomerate in the 
Royal Society excavation, and it is unlikely that Linn saw it at all, though it 
seems he may have been in the quarry at a slightly later date when the con¬ 
glomeratic bed was thinning out as reported by Phillips. It is of interest in this 
connexion that the specimen of Holoptychius in the Elgin Museum said to come 
from Cuttie’s Hillock Quarry is preserved in a matrix of fine-grained, grey, 
micaceous sandstone, not pink or red as would be expected from Judd’s account, 
or yellow as stated by Linn. J.D.P. 

Berridge, N. G. and Ivimey-Cook, H. C. 1967. The Geology of a Borehole at 
Lossiemouth, Morayshire. Bull. Geol. Surv., No. 27, 155-169. 

Brown, C. N. 1956. The Origin of Caliche on the north-eastern Llano Estacado, 
Texas. J. Geol., 64, 1-15. 

Burgess, I. C. 1961. Fossil Soils of the Upper Old Red Sandstone of South Ayrshire. 
Trans. Geol. Soc. Glasg., 24, 138-53. 

Cooke, H. B. S. 1958. Observations relating to Quaternary Environments in East and 
Southern Africa. Geol. Soc. S. Africa, Annexure to vol. 60. 

Dunham, K. C. 1952. Fluorspar. 4th edit. Mem. Geol. Surv., Min. resources, 4. 
Frankel, J. J. and Kent, L. E. 1937. Grahamstown Surface Quartzites (Silcretes). 

Trans. Geol. Soc. S. Afr., 40, 1-42. 
Huxley, T. H. 1877. The Crocodilian Remains found in the Elgin sandstones, with 

remarks on the ichnites of Cummingstone. Mem. Geol. Surv., Monograph III. 
Judd, J. W. 1873. The Secondary Rocks of Scotland. Quart. J. Geol. Soc., 29, 97-197. 
- 1886. Presidential Address to Section C (Geology). Rep. Brit. Assoc., Aberdeen, 

Langford-Smith, T. and Dury, G. H. 1965. Distribution, Character and Attitude of 
the Duricrust in the Northwest of New South Wales and Adjacent Areas of 
Queensland. Amer. J. Sci., 263, 170-90. 

Mackie, W., 1897. The Sands and Sandstones of Eastern Moray. Trans. Geol. Soc. 
Edin., 7, 148-72. 

-1901. The Occurrence of Barium Sulphate and Calcium Fluoride as Cementing 
Substances in the Elgin Trias. Rep. Brit. Assoc., Glasgow, 1901, 649-50. 

-1901. The Pebble-Band of the Elgin Trias and its wind-worn pebbles. Rep. Brit. 
Assoc., Glasgow, 1901, 650-1. 

- 1925. The Principles that Regulate the Distribution of Particles of Heavy 
Minerals in Sedimentary Rocks, as illustrated by the Sandstones of the North- 
East of Scotland. Trans. Edin. Geol. Soc., 11, 138-64. 

Mason, R. J., Brink, A. B. A. and Knight, K. 1959. Pleistocene Climatic Significance 
of Calcretes and Ferricretes. Nature, 184, 568. 



URCHISON, R. I. 1859. On the Sandstones of Morayshire containing 
Remains; and on their Relations to the Old Red Sandstone of thal 
Quart. J. Geol. Soc., 15, 419-39. 

ykura, W. 1965. The age of the lower part of the New Red Sandstone of Si 

Peacock, J. D. 1966. Contorted beds in the Permo-Triassic aeolian sandstones of 
Morayshire. Bull. Geol. Sun. Gt. Brit., No. 24, 157-62. 

Pettdohn, F. J. 1957. Sedimentary Rocks, 2nd edit.. New York. 
Phillips, J. G. 1886. The Elgin Sandstones. Rep. Brit. Assoc., Aberdeen, 1885, 1023-4. 
Shotton, F. W. 1956. Some Aspects of the New Red Sandstone Desert in Britain. 

Liu. and Manch. Geol. J., I, 450-65. 

Traquair, R. H. 1886. Preliminary Note on a new Fossil Reptile recently discovered 
at New Spynie, near Elgin. Rep. Brit. Assoc., Aberdeen, 1885, 1024-5. 

Walker, A. D. 1961. Triassic Reptiles from the Elgin area: Stagonolepis, Dasygnathus 
and their allies. Phil. Trans. Roy. Soc., Series B, 244, 103-204. 

Watson, D. M. S. and Hickling, G. 1914. On the Triassic and Permian Rocks of 
Moray. Geol. Mag., 1, 399-402. 

Watson, D. M. S., Westoll, T. S., White, E. I. and Toombs, H. A. 1948. Guide to 
Excursion C.16, Vertebrate Palaeontology. 18th Ini. Geol. Congr., London. 

Wayland, E. J. 1953. More about the Kalahari. Geog. J., 119,49-56. 
Westoll, T. S. 1951. The Vertebrate-bearing Strata of Scotland. 18th Int. Geol. Cong., 

London, 1948, 9, 5-21. 



Chapter VII 

JURASSIC 

General Account 

Sediments of Liassic age considered to be in situ are preserved beneath thick 
superficial deposits to the south-west of Lossiemouth and they are also inferred 
to be present at two localities in the Spynie area. A small exposure of Jurassic 
sandstone which occurs on the shore at Stotfield, Lossiemouth, was referred to 
the Inferior Oolite by Judd (1873, pp. 163-4) but this age was questioned by 
Lee (in Read and others 1925, p. 79). Its relationship to the surrounding strata 
is not clear (see below). Fossils indicating a wide range of Mesozoic ages have 
been collected from glacial erratics in the Elgin District (Judd 1873) including 
many from the Jurassic. A notably large erratic block formerly exposed at 
Linksfield, Elgin was thought by Duff (1842, p. 16) to be Lower Purbeck or 
Wealden as were others in the neighbourhood of Elgin. Moore (1860), Jones 
(1863) and Anderson (1964), however, referred this occurrence to the Rhaetic. 
Descriptions of the Linksfield exposure suggest a correlation with an alternating 
marl-cementstone sequence of inferred Lower Liassic age encountered in a 
Geological Survey borehole near Lossiemouth sunk in 1965. This borehole, the 
log of which is summarized in Appendix I, is the source of most of the data 

he Jurassic in Morayshire and is specifically described elsewhere 
and Ivimey-Cook 1967). The following description is mainly abstracted 

m that paper. After passing through 42 ft of superficial deposits (p. 134) the 
lowing section of horizontal or gently dipping strata was found: 

Boundaries between the lithological groups defined above are transitional 
generally through a graduated sequence of intermediate phases, suggesting that 
sedimentation was essentially continuous. Between 193 ft 11 in and 194 ft 4 in, 
however, there occurs a distinctive horizon predominantly composed of mud¬ 
stone fragments and rounded grains and ooliths of limonite; sand grains, 
pyrite and organic phosphate were also identified. This bed is believed to indicate 
a non-sequence but available evidence suggests that the hiatus was small and 
unlikely to have broken the zonal continuity. Thus, apart from an anomalous 
8-ft greenish mudstone immediately underlying the limonitic horizon, the 
lithologies and faunas from above and below the non-sequence are similar 



although fossils of zonal value have unfortunately only been obtained from 

Small-scale rhythmic sedimentation is well displayed in at least two parts of 
the section. The first of these is the cementstone group, in which each marl band 

and the second is a 25-ft succession overlying the aforementioned non-sequence. 
Within the latter succession, it is possible to recognize 5 rhythmic units irregularly 
increasing upwards from 18 in to 6 ft in individual thickness. Each unit consists 

' of sandy shale or shaly sandstone, laminated or bioturbated, capped by a 
relatively thin stratum of homogeneous shale, clay or siltstone. 

The strata between depths of approximately 120 ft and 251 ft are fossiliferous 
(see Appendix II, p. 137), but apart from ‘worm’ tracks in sandstone no animal 
remains were discovered outside this range. 

Upwards from the non-sequence at 193 ft 11 in, an abundant predominantly 
molluscan marine assemblage was found with Cardinia attenuata (Stutchbury), 
Grammatodon insons Melville, Pseudolimea and Pseudopecten being especially 
prominent. In addition, besides small numbers of gastropods and brachiopods, 
the sequence yielded a few zonally significant ammonites. Those collected from 
between 153 ft 5 in and 155 ft 10 in are identified as Paltechioceras aureolum 
(Simpson), indicating the Paltechioceras aplanatum Subzone of the Echioceras 
raricostatum Zone. Poorly preserved specimens from between 172 ft 8 in and 
172 ft 11 in are referred to Echioceras sp. cf. typicum (Trueman and Williams), 
indicative of the E. raricostatum Subzone of the same zone. The ammonite¬ 
bearing strata are thus Upper Sinemurian in age. 

The limonitic horizon has a marine fauna including Liostrea irregularis 
(Munster) but the underlying 8 ft of greenish mudstone only contain a few 
fragments of ?Euestheria. Between 203 ft and 213 ft there is a lamellibranch 
fauna similar to that from above the non-sequence but less diverse in character. 
It also includes well preserved specimens of Lingula sacculus Chapuis and 
Dewalque. 

Marine lamellibranchs are absent from the fauna collected from between 
213 ft and 251 ft, which is dominated by Euestheria minuta (Alberti in Zieten) 
and darwinulid ostracods. Some fish fragments are also present including teeth 
of the selachian Hybodus cf. lawsoni Duff. 

There is a remote possibility that the Liassic rocks penetrated by the Lossie¬ 
mouth borehole are part of an erratic block. This is considered to be unlikely 
in view of the thickness of strata involved and of its appropriate occurrence on 
the downthrow side of the projected line of the major east-west fault exposed 
at Stotfield (see p. 6). 

It is considered that the entire succession of solid rocks in the Lossiemouth 
Borehole is probably Lower Liassic in age, although some doubt remains 
concerning the importance of the included non-sequence. It canno't be con¬ 
clusively proved that the borehole does not penetrate to the Triassic but the 
lowest rocks are lithologically dissimilar both to the Upper Triassic rocks of 
Lossiemouth (see p. 67) and to the Trias (including the supposed Rhaetic) of 
Golspie (Lee in Read and Phemister 1925). 

The environment of deposition of the Lossiemouth Liassic succession 
apparently varied between marine and non-marine. Initially lagoonal conditions 
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intercalated bands of sand and gravel, is exposed. The till, which lies on a striated 
sandstone pavement, contains few large stones, but yields fragments of granite, 
psammitic granulite, grey calcite-mudstone, sandstone, ferruginous chert and shelly 
Jurassic limestone. In the centre and northern part of the quarry, the till has been 
removed by the late-Glacial sea, and beach sand and gravel rest directly on the striated 
platform; the striae trend N. 60° E. 

South of Hopeman reddish boulder clay to a depth of 8 ft, overlain by 6 ft of less 
coherent stony material, was formerly seen at a limestone quarry [151687] NW. 
of Inverugie, but solid rock reaches the surface on the ridge which extends from here to 
Clarkly Hill. From Inverugie to Oldtown of Roseisle the till is overlain by patchy 
sandy gravel and a foot or two of blown sand. A small quarry at Bank of Roseisle 
[152668] shows only a thin bouldery deposit on pebbly sandstone, but at Kaim [157678] 
several feet of very sandy till were seen below 2-3 ft of sand in an excavation. The 
Jurassic erratic at this locality (400 yd E. of the school) has already been mentioned 
(p. 89): Judd (1873) considered it to have been derived from Lower Liassic strata. 

Most of the higher ground here has probably only a veneer of drift, but on the flanks 
the cover thickens, up to 15 ft being noted at Clashach Quarry [163702] and 30 ft in a 
borehole near Plewland [177697]. South-west of Covesea Skerries Lighthouse the 

of sandy boulder clay overlies a striated rock surface in the old south-facing sandstone 
quarries. As mentioned above, dark grey-brown and grey boulder clay has been 
located at several points below raised beach deposits during boring on Lossiemouth 
Airfield. This material has a notable clay fraction, and besides the usual fragments of 
psammitic granulite, granite and sandstones derived from the Old Red Sandstone and 

(probably Jurassic). Fragments of oolitic limestones and belemnites also occur. 
South of the Covesea ridge and north of the Spynie basin, boulder clay appears at a 

few I points. The most westerly exposure is in a pit in a gravel mound 400 yd W. of 
Phillexdale [168679], where about 4 ft of till is seen below 4 ft of sand and gravel. 
Sandy boulder clay with the usual stone content occurs on the hill-top north-north-west 
of Shempston [184683]. Here erratics of dark grey shale with a few shells occur at two 
points, one at the south end of the small plantation (Grant 1960), and the other 60 yd 
WNW. of the north-west corner of the same plantation. The artificial mound on which 
Duffus Castle stands may be founded on till. A good exposure [22366677] is to be seen 
in the old sea-cliff 350 yd SW. of Ardivot [225671]. At this point 15 ft of till with 
large included masses of contorted lacustrine silts and a few boulders of pebbly 
sandstone are partly overlain by interbedded sand and clay. This locality has yielded 
a boulder of fluorspar-bearing sandstone like that found near Hopeman (p. 60). 

Spynie, Quarry Wood, Carden Hill, Monaughty Forest. North of Elgin, boulder clay 
is exposed on the Hill of Spynie and at Linksfield, and west-south-west in an almost 
continuous strip from Findrassie and Bishopmill to Quarry Wood, Knock of Alves, 
Carden Hill, Burgie, and thence to Monaughty Forest on the south edge of the area of 
the sheet. On the Hill of Spynie a small area of bouldery till is irregularly distributed 
on a glaciated surface of Triassic sandstone, the till thickening eastward. In a field west 
of Pitgaveny [239652] a Jurassic erratic was seen by Duff (1842), and blue clay with 

north of Spynie Palace and also at a point 450 yd E. 32° S. of Spynie farm [229655]. 
The obscured erratic at Linksfield (Judd 1873, p. 148) is now represented only by a 
few blocks of limestone in the floor of the quarry. There is little exposure of the pinkish- 

At the Muir of Myreside [210650], the stony till yields many boulders of pebbly 
sandstone derived from the underlying rock, together with sandstones derived from 



porphyritic granite, and cherty limestone. Reddish till some 15 ft 
Bishopmill Quarry [208637] and intercalations of sand and gr 

On Quarry Wood Hill the boulder clay, which only partially ve 

‘much-broken and weathered 
drift thickens northwards, ar 
quarry [189640] 90f 

to Carden H 

tich overlies the fresh rock in places. The 
.wd-brown boulder clay are seen at the old 

E. of Quarrywood School. North and north-west of Quarry- 
ay sloping ground is formed of sandy clayey till with a variable 

t, obscured at some points by thin spreads of sand and gravel, 
adstone forms the ridge extending westwards from the Knock of Alves 
11, and the fine glaciated pavement which can be seen where the rock 

_gh the drift has already been noted (p. 86). In contrast to the incoherent 
superficial material covering parts of Quarry Wood Hill, I 
stiff reddish-brown sandy boulder clay with pr—•' 
granulite, while boulders of quartz-porphyry, i 
granite are exposed at the surface. 

From Carden Hill towards Alves Wood the till-covered ridge con 
with the large area of boulder clay at the west end of the Mosstowie 1 
320 yd NE. of Morayscairn [106609] about 6 ft of sand and gravel. 
brown sandy till with a lens of sandy gravel. The till contains th 
stones of quartzite and psammitic granulite (50 per cent) accompai 
quantities of sandstone and granite (15 per cent each) and smaller i 
and basic igneous rocks (microdiorite, epidiont 
Lachlanwells [131609] the stream 1 ' ' " 

1 overlying bedded sand i 

exposed in the Burgie I 
orgie Castle [094593], the don 
tie schist and granite. The till i 
'ester Lawrenceton [076583] tn 

ock has been quarried 
ft of brown sandy till 
xposure 300 yd E. of 

i a thickness of 9 ft at 

i Monaughty Forest is ma 
:, and in places is covered by 
ne locality [135596]. On th. 

th hillwash and overlain 
inconsoUdated scree‘derived from’the crags at the top of the slope. At Crossley Cl 
»it [166575] the till pebbles are largely of Moinian psammites (64 per cent), and 01 
! per cent are of sandstone. 

Area between the River Lossie and River Spey. East of the River Lossie the higl 
ground along the south edge of the district is largely covered in boulder clay of i 
^ct-cmtfh-easterly drift, and patches and mounds of similar till appear from under i 

:er deDOsits north-eastwards to Garmouth. In general it can be said th: 



Speysla\ 

Hill, mounds of till ac 
>nes, and cherty lir 

in [285667]. The til' • • - • • 

Garmouth the back-feature of the post-Glacial raised be 
Gladhill and Winnyhaugh [336651]. The section in the Stripe Burn has 
described (p. 90), and the upper brown, very sandy till is particularly we 
the old cliff due.west of Winnyhaugh. 

Good sections of superficial deposits have been exposed south and west of Fochabers 
by die downcutting of the River Spey and its tributaries. About a mile south-west of 

till with large masses of intercalated sand and coarse gravel. About 170 yd E. SO^S.'of 
the. railway bridge [306576], the following sequence is exposed: sand, increasing in 
thic 



DEXAILS 95 





In the upper reaches of the Tynet Bum and on the high ground stretching east to 
Hill of Stonyslacks and Hill of Menduff, the covering of till is probably generally thin, 
and in some places is altogether absent. A thickness of about 10 ft of red till is exposed 
at the top of the high bank of the Aulrothie Bum, 850 yd S. 60° W. of Braes of Enzie 
[393597], and a similar thickness in the Tynet Bum 750 yd E. 5° S. of the same farm. 
In the extreme south-east comer of the district, yellow sandy till at least 5 ft thick has 
been noted on the south-east slope of the Hill of Stonyslacks. 

Below the Bridge of Tynet, the Tynet Bum cuts through the drift into solid rock, 
and exposures of till can be seen at various points as far as the Mill of Tannachy 
[382637]. At Lower Mills of Tynet [383619] between 20 and 25 ft of red, sandy till with 
boulders of white sandstone and granite are exposed in the right bank, and a detailed 
examination of a sample showed some fragments of Permo-Triassic sandstones and 
Dalradian flags in addition to the preponderant granulite and quartzite. Good sections 
of till occur on the left bank of the burn south of the Mill of Tannachy where there is 
up to 15 ft of red sandy to clayey till with blocks of the underlying sandstone, overlain 

The next stream to the east, the Gollachy (Buinnach or Caimfield) Burn shows few 
points of interest other than those already mentioned (p. 89). About 650 yd S. 3° W. 
of Buinnach [420605], a section in a tributary bum reveals brown till overlying dark 
grey boulder clay derived from the local flags. A similar section in the Burn of Buckie 
farther east can be seen 850 yd W. 40° N. of Mains of Buckie [427646]: 

Pink sandy till with numerous well-rounded stones. Fragments mainly 
granulite, quartzite, granite, and flags with a few andesite, porphyry, 
Triassic and Old Red Sandstone sandstones. 15 

Grey till composed almost entirely of decomposed micaceous quartzite 9 
Decomposed micaceous quartzite . 3 

15 ft of red till with boulders of pink granite, white and red sandstone, amphibolite 
and Gollachy Burn andesite, and a number of good exposures with up to 15 ft of red 
till resting on Cullen Quartzite can be seen at the top of the old sea-cliff between 
Buckie and Portessie. 

Inland, along the east edge of the ground shown on Sheet 95, the low ground of 
coastal Banffshire is largely mantled in reddish boulder clay with intercalations of 
gravel. At Drybridge, at the junction of the Core and Letterfourie burns, red and yellow 
sandy till with gravelly bands is seen in stream scars in the 30-ft high bank. Boulders 

INTRODUCTION 
Water-sorted sands, gravels, silts and clays cover large areas of the Elgin 

District. Apart from the sand and gravel bands and lenses within the boulder 
clay, which probably contribute little to the total area mantled by this material, 
most of the stratified sediment was transported and deposited by and in the 
meltwaters derived from the decaying ice. Though the meltwater deposits and 
the raised beach alluvium are clearly separable on the coast between Buckie and 
Burghead, in the Kinloss area and parts of the Spynie basin the distinction is 









From Kaim to Duffus the undulating topography is well seen. A sand and gravel 
mound at Phillexdale is flanked to north and south by silty clay. In an old roadside 
quarry 430 yd W. of Phillexdale a thickness of 4 ft of bedded gravel is seen overlying 
5 ft of brown till. The strip of clay south of Phillexdale has been classed by the Soil 
Survey (Grant 1960) with the carse-type cl; 
clay strip is not associated with any alluvial 

Most of this ground is below the level of th< 
at Williamston [161692], and it is probable th; 
from extending into the Duffus area by ice. 

North-east of Duffus the glacial sands and gravels form a stretch of ground with low 
relief about the 100-ft contour, though a few sandy mounds rise above the general 
level. A prominent mound south-east of the Easter Covesea was thought by Ogilvie 

se to undulating topography 
;rine origin is more likely, 
each flat at about 80 ft O.D. 

neighbourhood of Gordonsto 
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Sheet 85, the terrace deposits slope gradually upwards south of Hillhead Wood towards 
Shougle [212552] and seem to be associated with the course of the River Lossie where 
it flows in an east-north-east direction from Dallas to its junction with the Leanoch 

The terrace (b) described above is a distinctive feature south of Lhanbryde, but 
north and north-east of this village it merges into a tract of stratified drift with more 
uneven topography, transitional towards ‘the dead-ice’ terrain to the west. Several series 
of sandy outwash flats, varying in height from 120 ft near Urquhart to 90-100 ft near 
Nether Meft [272642] and Urquhart Station [287631] are interspersed with more 
mpundy country, and remnants of higher fluvio-glacial spreads occur at Maryhill and 
Castle Hill [273634]. Elongate flat-bottomed depressions about the 50-ft level occur 
along the lower course of the Stripe Bum (which reaches the coast near Gladhill 
[323652], and south-south-west of Corbiewell [318653], and, in contrast, the Binn Hill 
forms a dominating feature rising well above the 200-ft contour. North of Waterscott 
[293653] kettle-holes occur at the 50-ft contour, but below this the deposits may have 
been modified by marine action. The following section was recorded during building 
excavations at Lhanbryde [27756100]: blown sand and soil 0-3 ft; clayey buff sand 
and pinkish buff clay 0-3 ft; on medium-grained pale buff current-bedded sand 9 ft +. 
At a large recently-worked pit [28206150] half a mile north-east of Lhanbryde, another 
composite section shows the variable nature of the deposits: pale silvery-buff silt to 
fine sand 8 ft; pale buff silt and reddish clay (lateral variation to silt and sand) 3-6 ft; 
sandy gravel, pebbles and cobbles up to 9 inches diameter 6 ft; on coarse, current- 
bedded, buff sand with pebbly intercalations 6 ft +. Farther north, sections are un¬ 
common. At Wallfield [296653] and a little north-west of Waterscott, there are patches 
of lacustrine silt and clay, and thin bands of similar material can be seen on the other 
side of Binn Hill in the old sea-cliff at Gladhill. About 200 yd north of Corbiewell 
[318653], a recently abandoned sandpit shows 20 ft of yellow sand with a few pebbly 
intercalations and a discontinuous bed about a foot thick of silty clay near the top. 
The surface of the Binn Hill is sand or gravel with little or no soil. 

terrain which includes the area enclosed by Nether Birnie [207592], Bishopmill, 
Leuchars House [260647] and Lhanbryde. Here meltwaters from the south-west and 
south spread silty and sandy outwash deposits across and below the thinning ice. 
After the ablation of the ice, some of the sediments formed mounds resting on a highly 
irregular surface of boulder clay while others retained a plateau-form^ The drainage, 

south-east to north-west anastomosing channels. The original form of the deposits has 
been modified through erosion by the River Lossie, and, on the lower ground, by 
marine incursions, particularly during post-Glacial times. 

Typical of the morphology and sedimentation are the deposits east of Duffus 
Hillock [214594]. Here some of the larger mounds have flat tops (probably depositional 
surfaces), whilst others (e.g. Birkenhill Wood to the north-east), which are of equal or 

negligible thickness and correspond with level surfaces which appear to be related 
to channels in the terrace farther south. One of the flat-topped deposits has been 
worked at a point near Duffus Hillock [21615963], where the following section is seen: 
sand with lenses and beds of silty clay 20 ft; interstratified sand, gravel and silty clay, 
gravel units being up to 4 ft thick with the fragments up to 9 inches in diameter 20 ft +. 

Farther north, well-marked plateaux occur around the Elgin Golf Course [215610], 

before deposition of the sand took place. Between New Elgin and Lhanbryde mounds 
of sand lie on an irregular surface of boulder clay. 

A well-marked sand plateau deposit can be seen north of Elgin. It commences as a 
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>lved, the degree of exposure, and whether the m 
of erosion or of deposition. Thus in the Loch Spynie area erosional features in 
drift occur as high as 30 ft O.D., but on the open coast between Burghead and 
Lossiemouth where there is solid rock, the old cliff line is more nearly at 20 ft 
O.D. The storm beach shingle ridges exceed 30 ft O.D. in places. There is some 
evidence of an intermediate raised beach at 15 to 20 ft O.D., but this is clearly 
seen at few localities. Another factor which is difficult to ■- ‘u- 
effect of differential isostatic uplift, thought to have t 
beaches in the Forth valley (Sissons 1963), but if this has 
the Elgin area it has been masked by the other variable factors. In the following 
account the post-Glacial beaches (including the modem beach) are described 
together, beginning with a description of the coastal areas. A summary of the 
chronology of the post-Glacial beaches is given below (p. 114). 

le post-Glacial 

1st of the Spey. A well-developed, but narrow stretch of low raised beach 
tween Portessie and Portgordon, east of the Spey. The beach platform, 
rs to be rock partly covered by thin gravel, is at a height of 16 to 25 ft, 
d by a well-marked cliff, the base of which is at about 20 ft O.D. 

29 ft O.D. 

been obliterated by constructional works. A storm beach-ridge probably associated 
with the feature at about 30 ft starts just north of Lower Auchenreath and is gradually 
truncated westwards by the lower storm beach described in the preceding paragraph. 

Garmouth to Lossiemouth. From the mouth of the Spey westwards to Nether Unth 
[299663], the coast is backed by a belt of storm beach-r 



From Caysbriggs [250670] to Lossiemouth the storm beach gravels are similar to 
those farther east, but the lower, shell-bearing ridges are confined to a strip 100 yd 
across. Fine temporary sections are exposed in gravel-workings south of Lossiemouth 
where over 20 ft of bedded shingle and sand can be seen (Plate IV). The bedding dips 
in a northerly direction, at right angles to the trend of the beach ridges, and the top 
6 ft or so of gravel is blackened by organic matter and hardpan. Just north of Cays¬ 
briggs, the beach gravels carry little vegetation, and the storm ridges are well preserved. 

Lossiemouth and Drainie. A further stretch of beach gravels is preserved between 
Lossiemouth and Covesea Skerries Lighthouse. The old harbour at Stotfield is backed 
by a cliff of siliceous Triassic sandstone which overlooks the golf course, and a similar 
cliff in Hopeman sandstone can be traced for a short distance south of the Covesea 
Skerries Lighthouse. The base of both cliffs is 18 to 20 ft O.D. though built up higher 
.by blown sand at many points. Near the coast the beach deposits of Stotfield Links, 
in which few traces of storm ridges can be seen, rest on skerries similar to those just 
offshore, and are separated from the extensive post-Glacial marine flats on the airfield 
to the south by a high storm ridge (30 ft O.D.) which carries part of the Lossiemouth- 
Covesea road. This storm ridge belongs to an earlier episode of storm beach formation, 
and like the gravels south of Lossiemouth contains very few shell fragments. 

Much of Lossiemouth Airfield is underlain by post-Glacial be 
spread over late-Glacial marine clays. A section formerly ex 
ESE. of North Greens showed up to 10 ft of sand and grav 
shells. From Kinnedar southwards to Muirton [225682] there is much shingle, probably 
the remains of a storm beach destroyed by cultivation, and a pit dug by the Soil 
Survey at a point 250 yd S. of Kinnedar showed the following section: soil 10 in; 
gravelly sand 2 ft 8 in; sand 1 ft 2 in; on fine-grained silty clay with plant remains 
1 ft 2 in. The plant remains may be the same age as the Boreal Peat, and the clay is 
probably part of the late-Glacial sequence encountered on Lossiemouth Airfield. The 
storm beach south of Kinnedar was probably thrown up on to the edee of eroded 
late-Glacial clays before protection was afforded to the coastli 
storm beach-ridges south-east of Lossiemouth. 
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At Ardivot, less than a mile south of Muirton, a beach feature at 20 to 25 ft O.D. 
is cut into sand and gravel, and the sandy platform fronting it, though eroded on its 
southern side, grades north-eastwards almost imperceptibly into an arm of the Loch 

Covesea to Burghead. East of Covesea an embayment preserves a fine stretch of 
raised beach cliff with incipient stacks. The height of the back-feature is 17 to 21 ft 
O.D. and the shingly platform in front, partially covered by blown sand, is about 
14 ft O.D. West of this point the high ground is fronted by the modem cliff-line almost 
to Hopeman, though the presence of small embayments and a number of caves not 
now reached by the sea suggest that the cliff is of composite age. The Gipsies Cave 
[160702], eroded along a small fault, was mainly excavated at a sea-level higher than 
at present, as was the cave called ‘Sir Roberts Stables’ [182707]. At Hopeman a narrow 
strip of low raised beach much obscured by blown sand, can be seen, backed by a cliff 
based at 15 to 20 ft O.D., and at Cummingstown the composite nature of the cliff-line 
is shown by the occurrence of a number of caves formed at present and higher sea-levels. 
The harbour area of Burghead, once an island, is connected by a storm beach (maxi¬ 
mum height 36 ft O.D.) to the mainland at Clarkly Hill. 

Burghead to Kinloss. The ground bordering Burghead Bay was mapped in consider¬ 
able detail by Ogilvie (1923) and by Steers (1937). Much of the topography is now 
partially obscured by forestry development and an appreciation of the beach deposits 
is further hindered by spreads of blown sand. On a broad scale, however, the coastal 
morphology falls into two distinct sections, (a) a belt of shingle ridges more or less 
parallel to the coast, and (b) strips of alluvium inside the shingle ridges backed in a 
few places by a feature between 20 and 25 ft O.D. These grade into peaty flats between 
20 and 30 ft O.D. which occupy depressions in the glacial deposits. North of the 
College of Roseisle a sandy flat connects one of the alluvial strips with the post-Glacial 
beaches in the Loch Spynie depression. 

The tract of shingle ridges, which was mapped in detail by Balchin before extensive 
tree-planting (see Steers 1937), ranges in width from 200 yd to over a mile. It is inter¬ 
rupted along the line of the Millie Bum (which reaches the sea at grid reference point 
107665) and again near the Bessie Bum [097653] by sand-filled hollows. The Millie 
Burn evidently drained the former Loch of Roseisle, and the sandy hollow r^eaiMts 

of Strathloch, 1640). 
The coastal feature between Burghead and a point south of the Millie Burn is eroded 

into blown sand, but storm beach shingle, mainly hidden by sand but evidently con- 

on p. 109. Bare shingle ridges exposed north of the mouth of the Bessie Burn are the 

about 20S ft above mean sea-level, and§a section 750 yd NE. of theoutlet of the Bessie 

late-Glacial beach at 50 ft O.D. truncated on the seaward side by a well-marked 
feature at 25 ft. The sandy and shingly flat below the feature can be traced south- 
westwards and isolates a series of storm ridges west of Muirhead [086631] from the 
main coastal series to the north. This isolated group of ridges was probably formed at 
an early stage and may be contemporary with some of the higher and older ridges near 

From a point north of Muirhead to the western edge of the map, considerable 
changes have occurred in the distribution of dune sand since 1937, and many^>Hhe 

coast is open to a longer ‘fetch’ than the stretch immediately south of Burghead. The 
whole coastline here is currently undergoing erosion, and the wartime coastal defences 
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Chapter X 

ECONOMIC GEOLOGY 

Building and Road Material 
The various sandstones of the Upper Old Red Sandstone and the New Red 
Sandstone have been extensively worked in the past both for building stone and 
roadstone. At present, however, operations are confined to two quarries in the 
Hopeman sandstone. West of Hopeman the long-established Greenbrae Quarry 
is currently being worked on a small scale for building stone. The sandstone 
with fluorspar cement, which occurs mainly in the more northerly part of the 
quarry, is rejected as are those parts of the rock affected by the east-west-trending 
siliceous and ferruginous structures. Variations in degree of cementation and the 
presence of patches with iron oxides, both of which affect the coloration and 
weathering properties of the stone, may make the rock unsuitable for building. 
The sandstone, which hardens on exposure, can be obtained in large blocks 
bounded by joints and by planes of aeolian cross-bedding. Similar yellow-brown 
sandstone is worked at Clashach Quarry on the coast east of Hopeman (p. 61). 
The building stone is used locally, in the south of Scotland, and as far afield as 
Sweden. 

Of the disused quarries, those in the Rosebrae Beds of Quarry Wood and 
Bishopmill near Elgin seem to have yielded the most building stone (Young 
1879) and probably contain the greatest reserves. The Alves Beds at Burgie, 
Alves, and Newton formerly supplied material more suitable for field walls and 
millstones, as did the Millstone Quarry in the Cutties Hillock (Quarry Wood) 
sandstone (p. 73). Quarries in the Upper Triassic sandstone at Spynie were 
probably intermittently worked from very early times, their last phase of activity 
coinciding with the building of railways in Morayshire. 

East of the Spey roofing slates were formerly quarried at Tarrymount Quarry 
[411585] in the Findlater Flags, and the Caimfield Actinolitic Flags locally 
yielded building stone. 

Limestone 

The cornstones in the Upper Old Red Sandstone south and east of Elgin 
and the Triassic cherty limestone at Inverugie were worked for lime before the 
building of the railways in the latter half of the 19th century led to the importa¬ 
tion of better quality material. A partial analysis of cornstone from Stonewells 
[280656] east-north-east of Elgin shows 88-5 per cent of calcium carbonate 
(Robertson and others 1949). This exposure is now entirely obscured. Farther 
east the limestone in the Buckie Beds of the Middle Old Red Sandstone between 
Buckie and the Gollachy Burn was worked on a small scale until the mid-19th 
century (Wallace 1880, p. 336). 

Sand and Gravel 
As shown on the Drift edition of the one-inch map of the Elgin District 

superficial deposits, including extensive sheets of sand and gravel, are widespread. 
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OLD RED SANDSTONE 
Upper Thickness 
2. Sandstone, fine-grained, brownish-grey, firm; and Ft in 

muscovitic sandy siltstone, firm . 28 0 
1. Sandstone, marly, reddish-brown, coarse-grained, 

interbedded with light grey sandy siltstone and fine¬ 
grained sandstone. Dip 12-15 degrees 7 0 

From the summary it can t>e seen that the borehole, which began near the 
top of the Burghead Beds, passed through aeolian sandstone into strata resem¬ 
bling the Rosebrae Beds of Quarry Wood. Whilst the sandstones down to 136 ft 
in depth (bed 7) are identical with the Burghead Beds at Burghead, the sand¬ 
stone following (bed 6) is free of pebbles, and except for the occurrence of 
small-scale cross-bedding, resembles the Hopeman sandstone, for example in 
the occurrence of millet-seed sand grains. The lowest stratum of bed 6 contains 
many galls of green clay. Apart from traces of carbonate at a few horizons the 
sandstones are much leached and sparsely cemented only by red-brown and 

175 ft below the top of the bore. Below 175 ft the iron ore is pyrite. 
Bed 5, which appears to be a single set of dune-bedding, is a massive to 

laminated sandstone with grains of high sphericity and roundness, and kaolin- 
ized feldspars are prominent. There are scattered small clay galls in the bottom 
40 ft. The underlying bed 4 is similar, but includes a number of sets of cross¬ 
bedding. Pebbles, many of which are faceted, become common towards the base, 
and are prominent also in bed 3. Some of the rocks in this part of the bore are 
cemented by calcite in addition to the sparse pyrite. The characteristics of beds 
3 to 5 are those of the Sandstones of Hopeman and Cutties Hillock (Quarry 
Wood), and the pebbly sandstones at the bottom of the succession are doubtless 
equivalent to the pebble-bed at the base of the Cutties Hillock sandstone. 

The identification of beds 1 and 2 as belonging to the Old Red Sandstone rests 
on the occurrence of sandstones with galls of red and green clay, which can be 
matched both in the Rosebrae Beds below the Cutties Hillock sandstone, and 
in the undivided Upper Old Red Sandstone west of Lossiemouth which pre¬ 
sumably underlies the Hopeman sandstone in that area. The occurrence of 
oxidized strata below sandstone with pyritic cement is confirmatory evidence of 
a discontinuity. Both siltstones and sandstones are firm, in contrast to the 
overlying friable rocks, and contain varying proportions of muscovite, a mineral 
scarce or absent above. The siltstone below the presumed unconformity pre- 

No fluorspar-barytes-galena-mineralization was seen in the borehole core. 
One small fault noted near the base of bed 5 is accompanied by a thin gouge of 

The Clarkly Hill Borehole thus confirms the suggestion that the Hopeman 
sandstone underlies the Burghead Beds, and also shows that these two divisions 
are in stratigraphical continuity. Extrapolating the succession in the borehole 
it seems likely that the combined Burghead Beds and Hopeman sandstone reach 
a maximum thickness of about 500 ft below the Cherty Rock (exposed at 
Inverugie, not far east of Clarkly Hill). 









Lossiemouth (No. 4) Borehole ([21586986], 19 ft O.D.) 

The purpose of the Lossiemouth Borehole was to investigate occurrences, in 
engineering bores, of strata distinct from the other sedimentary rocks examined 
in the Elgin District. After passing through drift the bore entered rocks now 
known to be of Lower Liassic age. The following is a summary of the borehole , 
section, the solid rocks of which are described in more detail in Chapter VII, 
p. 77, and the drift commented on in Chapter IX, p. 108. For a more extended 
account of the geology of the borehole the reader is referred to the paper by 
Berridge and Ivimey-Cook (1967). Faunal lists are given in Appendix II, p. 137. 

Thickness Depth 

he geology of a borehole at L 
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CARDEN MOOR RAILWAY CUTTING, probably the exposure 750 yd E. of 
Alves Station, [144619]. Bothriolepis gigantea, E. 

CARSEWELL QUARRY, possibly the quarry 700 yd E. 13° N. of Carsewell, 
[140622]. Bothriolepis sp. [fragments], K. 

CLOVES, possibly the line of old quarries 390 yd due N. of Cloves and nearby, 
[139616]. Bothriolepis gigantea, E. 

COOPERS DITCH. Linn (on Geological Survey six-inch map Elgin 2, 1887) 

Green, [21607043], no longer exposed. Debris from a trench at this locality yielded 

CROOK OF ALVES, Quarry near, possibly the same quarry as that noted under 
Carsewell. Bothriolepis gigantea, RSM. 

CUTTIES HILLOCK QUARRY, 800 yd S. of Loanhead, [185638]. Holoptychius 

FINDRASSIE, Quarry on north side of road, probably that 650 yd. S. 5° E. of 
Mains of Findrassie, [19576438]. Holoptychius sp., RSM. 

HOSPITAL QUARRY, 960 yd S. 26° W. of Laverockloch, [188629]. Holoptychius 
sp., GSM. Phyllolepis concentrica Agassiz, BM, RSM. 

KNOCK OF ALVES, probably the quarry known as York Tower quarry 530 yd 
W. 15° N. of Knock, [162629]. Holoptychius sp., RSM. 

LAVEROCKLOCH QUARRY, 330 yd E. 30° S. of Laverockloch, [195636]. 
Bothriolepis sp. nov., RSM. Glyptopomus elginensis Jarvik, E. Holoptychius nobilissimus, 
RSM. Phyllolepis concentrica, BM, RSM. 

LEGGAT QUARRY, 1000 yd due S. of Dykeside, [176635]. Holoptychius nobilis¬ 
simus, GSE. 

MILLSTONE QUARRY, 990 yd E. 19° N. of Alves Station, [144621]. Holoptychius 
giganteus, RSM. Psammosteus sp., E. 

MILTONBRAE, hole at roadside near farm, exact locality unknown. Taylor (1910, 
p. 47) records Bothriolepis, Holoptychius and Psammosteus, specimens cannot be 

NEWTON QUARRIES, consists of a group of quarries north and south of the 
Elgin-Forres road and 200-300 yd W. and NW. from Newtonroad, [167632]. Bothrio¬ 
lepis alvesiensis, RSM. B. gigantea, E, F, RSM. Dendrodus sp., RSM. Holoptychius 
giganteus, BM, F, RSM. H. nobilissimus, RSM. Psammosteus megalopteryx Traut- 
schold, BM, E, F, GSM, RSM. Polyplocodus sp., BM. Sauripterus spp., RSM. 

OAKBRAE QUARRY, exact locality unknown. Holoptychius sp., RSM. 
PLUSCARDEN, Quarries to the north-west, including a quarry 490 yd N. 26° W. 

of Foresterseat. [15635352] (on one-inch Sheet 85). Bothriolepis cristata Traquair, 
GSE. Glyptopomus elginensis, GSE. Holoptychius sp., GSE. Exact locality of 

REDHALL QUARRY, 780 yd E. 30° S. of Stynie, [341603]. Bothriolepis paradoxa 
(Agassiz), E, RSM. Holoptychius sp., RSM. 

ROCKY PARK, ALVES, exact locality unknown. Bothriolepis gigantea, E, RSM. 
Holoptychius giganteus, E, RSM. H. nobilissimus, RSM. 

ROSEBRAE QUARRY, 800 yd S. 12° E. of Rosebrae, [174633]. Bothriolepis 
alvesiensis, GSE. B. cristata, E, RSM. Glyptopomus elginensis, E, RSM. Holoptychius 
nobilissimus, RSM. Phaneropleuron andersoni Huxley, E, RSM. Phyllolepis concentrica, 
BM, RSM. Rhynchodipterus elginensis Save-Soderbergh, E. 

SWEETHILLOCK QUARRY, possibly the quarry, now filled, 390 yd N. 5° E. of 
Sweethillock, [13736148]. Bothriolepis gigantea, E. Holoptychius giganteus, RSM. 
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CUTTIES HILLOCK. QUARRY, 800 y 
Newton, E, GSE, RSM. Geikia elginensis I 
E. G. huxleyana Newton, E, GSE. G. jutt 
GSE. 

YORK TOWER QUARRY, 63 

S. of Loanhead, [185638], Elginia mirabilis 
wton, E, GSM. Gordonia duffiana Newton 

Idiana Newton, E. G. traqualri Newton, E, 

V. 15° N. of Knock, [162629]. Dicynodont 

' FINDRASSIE QUARRY, probably the quarry 1060 yd due E. of Findrassie, 
[205651]. Ornithosuchus longidens (Huxley), E. Stagonolepis robertsoni Agassiz, A, E, 
GSE, GSM, N, RSM. 

LOSSIEMOUTH EAST QUARRY, a long quarry 1350 yd NE. of Coulardbank 
and nearby, [236707], Hyperodapedon gordoni Huxley, BM. Leptopleuron lacertinum 
Owen, E. BM. Ornithosuchus longidens, BM. Stagonolepis robertsoni, E. 

LOSSIEMOUTH WEST QUARRY, 800 yd E 38°N of Coulardbank, [231706]. 
Brachyrhinodontaylori\onHuene,BM,'RSM.Hyperodapedongordoni,M.Leptopleuron 
lacertinum, BM, E, N, RSM. Ornithosuchus longidens, BM, E, M. Saltopus elginensis 
Von Huene, BM. Scleromochlus taylori A. S. Woodward, BM. Stenometopon taylori 
Boulenger, BM. 

LOSSIEMOUTH QUARRIES, exact locality of specimens unknown. Brachy- 
rhinodon taylori, BM, E. Erpetosuchus grant/Newton, BM, E. Hyperodapedon gordoni 
BM, E. Ornithosuchus longidens, BM. Scleromochlus taylori, BM. Stagonolepis 
robertsoni, A, BM, D, E, GSE, GSM, N, RSM. 

SPYNIE QUARRY, probably the quarry 930 yd W 6°N of Spynie, [223658], 
Leptopleuron lacertinum, RSM. 

SPYNIE QUARRIES, exact locality unknown. Hyperodapedon gordoni, N. 
• m, GSM, N. Ornithosuchus longidens, BM, GSM. 

LOSSIEMOUTH GEOLOGICAL SURVEY BORE, 900 yd W. 38° 1 
neddar [21586986], Jurassic spores from between 99 ft 2 in and 125 ft 8 in. Classopollis 
torosus (Reissinger) Balme, Gleicheniidites senonicus Ross, Lycopodiumsporites clava- 
toides Couper, Monosulcites minimus Cookson, M. sp., Perinopollenites elatoides 
Couper, Pteruchipollenites microsaccus Couper, P. thomasii Couper, and Sphagnum- 

Lower Lias, including Echioceras raricostatum Zone, from 120 ft to 194 ft 2 in. 
Piarorhynchia sp., Spiriferina? (juv.), Bourguetia?, ?Katosira periniana (d’Orbigny), 
Striactaeonina arena (Terquem), Zygopleura cf. verrucosum (Terquem), Astarte cingulata 
(Terquem), A. sp., Bakevellia sp., Camptonectes lohbergensis? (Emerson), C. mundus? 
Melville, C. sp., Cardinia attenuata (Stutchbury), C. sp., Ceratomya gibbosa (Etheridge), 
C. sp., Cercomya ?, Chlamys subulata (Munster), C. textoria (Schlotheim), C. sp., 
Dimyopsis?, Entolium liasianum (Nyst), E. sp., Grammatodon insons Melville, G. cf. 
intermedins (Simpson), G. sp., Gryphaea sp., Hippopodium ponderosum 1. Sowerby, 
Homomya cf. venulithis Troedsson, H. sp., Lima (Plagiostoma) sp., Liostrea hisingeri 
(Nilsson), L. irregularis (Munster), L. sp., Lucina cf. cardioides Tate, L. sp., Mactromya 
arenacea (Terquem), Meleagrinella olifex (Quenstedt), M. sp., Modiolus cf. hillanoides 
(Chapuis and Dewalque), M. laevis J. Sowerby, M. sp., Nucula?, Oxytoma inequivalve 



(J. Sowerby), O. sp., Parallelodon sp., Pholadomya sp.. Pinna sp., Pleuromya cf. oxynoti 
Quenstedt, Plicatula hettangiensis Terquem, P. ?, Pronoella intermedia (Moore), P. sp.. 
Protocardia truncata (J. de C. Sowerby), P. sp., Pseudolimea pectinoides (J. Sowerby), 
P. sp., Pseudopectenpriscus ? (Schlotheim), P. sp., ?Thracia aequata Tate, Echioceras cf. 
typicum (Trueman and Williams), E. ?, Oxynoticeras sp., Paltechioceras aureolum 
(Simpson), P. sp., fish fragments. 

Lower Lias, zone uncertain, below 194 ft 2 in. 
Plant fragments, Lingula sacculus Chapuis and Dewalque, L. sp., Bourguetia ?, Astarte 

guexuii d’Orbigny, A. sp., Eotrapezium sp., Gervillella hagenowi (Dunker), Homomya 
cf. venulithis, Liostrea irregularis. Modiolus laevis, M. cf. lias in us (Terquem), Af. sp., 
Protocardia philippiana? (Dunker), P. aff. rhaetica (Merian), P. sp., Thracia sp., 
Euestheria minuta (Alberti in Zieten), E. sp., Darwinula stricta T. R. Jones, Kinkelinella 
cf. acuticostata (Klinger and Neuweiler), Gyrolepis?, Hybodus cf. lawsoni Duff, H. sp., 
fish fragments. 

t Mr. D. K. Kevan and Mr. A. R. Waterston 
y Dr. J. R. Haynes and Dr. R. C. Whatley 

respectively. All the specimens are housed in the Geological Survey Office, Edinburgh. 
BURN OF CAIRNFIELD, 230 yd N. 60° E. of Muir of Homie, [42106109]. 

Elphidium cf. incertum (Williamson), E. cf. incertum (near to Nonion depressulum var. 
asterotuberculatum Voorthuysen). 

CORE BURN, 690 yd E. 2° N. of Parkhill, [43586112]. Elphidium incertum, Protel- 
phidium depressulum (sensu Brady). 

EAST MAINS GEOLOGICAL SURVEY BORE, 540 yd N. 21° E. of Gilston, 
[20446672] at about 3 ft. Ammonia beccarii (Linne), Elphidium excavatum (Terquem), 
Nonion umbilicatulum (Walker and Jacob), Hirschmannia viridis (O. F. Muller), 
Leptocythere pellucida (Baird), Semicytherura nigrescens (Baird), S. striata (Sars); 
between 4 ft and 4 ft 6 in Ammonia beccarii, Elphidium crispum (Linnd), E. excavatum. 
Nonion umbilicatulum-, at about 6 ft Ammonia beccarii, Elphidium excavatum. Nonion 
umbilicatulum-, at about 7 ft Ammonia beccarii, Elphidium excavatum; at about 11 ft 

excavatum. Nonion umbilicatulum, N. umbilicatulum (near Protelphidiurn depressulum); 
at about 51 ft Cassidulina cf. crassa d’Orbigny, Protelphidiurn depressulum; at about 
61 ft Ammonia beccarii, ? juv. of Avrila mirabilis (Brady); at about 68 ft 6 in Ammonia 
beccarii, ?Elphidium selseyense (Heron-Alien and Earland), Nonion umbilicatulum, 
N. umbilicatulum (near Protelphidiurn depressulum). 

LOSSIEMOUTH GEOLOGICAL SURVEY BORE, 900 yd W. 38° N. of Kin- 
neddar, [21586986] at about 2 ft Protelphidiurn depressulum, Pyrulina sp., Saracenaria 
sp.; at about 9 ft Elphidium selseyense, Protelphidiurn depressulum; between 16 ft and 
17 ft Buccella frigida (Cushman), Buliminella elegantissima (d’Orbigny), Cibicides 
lobatulus (Walker and Jacob), Elphidium excavatum, E. selseyense, Oolina cf. melo 
(d’Orbigny), O. cf. williamsoni (Alcock), Protelphidiurn depressulum; at about 22 ft 
Cassidulina sp., Elphidium excavatum, E. selseyense; at about 32 ft Ammonia beccarii, 
Cassidulina cf. crassa, Cibicides lobatulus, Elphidium excavatum, E. selseyense, ?Protel- 
phidium depressulum (towards Nonion umbilicatulum). 

REDHILL, exposure 390 yd due S. of Redhill, [16176104]. Lymnaea sp., Pisidium 

V. of West Mains, [18586633]. Oospores of 
ra (Muller). Physa fontinalis (Linne), Planorbis 

crista (Linn6), P. laevis Alder, Valvata cristata Muller, Pisidium milium Held, P. 
nitidum Jenyns, P. obtusale (Lamarck), Sphaerium corneum (Linn6), Ostracods. 

PJ.B. 
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Rathven [44306570] to Portsoy in order to assess this background field but 
results were complex, indicating a pronounced gravity increase eastwards 
between Cullen and Portsoy. No simple representation of the regional field 
across the Dalradian rocks could be extrapolated into the Elgin District for 
the purpose of assessing the gravity field solely due to Old Red Sandstone 
deposits. However, from an examination of the observed gravity field in the 
south of the district and of several gravity stations observed by Bullerwell and 
Phemister between Elgin and Rothes, it appears that the east-west gradient 
here is associated directly with the Moinian-Old Red Sandstone junction and 
it is suggested that an anomaly of at least 10 milligals is attributable to a north¬ 
ward increase in the thickness of Old Red Sandstone deposits. Noting that the 
average gravity gradient between Brown Muir [25845514] and Greens of Coxton 
[25206093] is 2'5 milligals per mile and assuming a density contrast of 0-30 
g/cm3 between Moinian and Old Red Sandstone deposits, then, according to 
Jakosky (1950, p. 359) the dip of the interface between Moinian and Old Red 
Sandstone is 7 degrees northwards. On this basis the thickness of Old Red 
Sandstone deposits one mile west of Elgin, where the gravity gradient has 
slackened, is about 2500 ft. 

The positive axis aligned north-east from Morayscairn to Lochside is probably 
associated with an extension of fairly dense Moinian rocks beneath a relatively 
thin cover of Old Red Sandstone and later deposits. 

In order to delineate the positive gravity feature located along the southern 
shore of Findhorn Bay, a detailed gravity traverse, with stations at 100-yd 
intervals, was surveyed from North Alves [12316331] to Burghead across the 
maximum gravity closure at Wards. The observed gravity profile G 1 on Fig. 
19(a) exhibits a positive gravity anomaly of 5 mgal superimposed on a back¬ 
ground field which is steadily decreasing northwards. Removal of this back¬ 
ground field results in a residual positive anomaly of 5-2 mgal as shown on 
Fig. 19(b) with the maximum located 150 yd west of Wards. It is suggested 
that this residual anomaly can be resolved into two separate components. The 
first component is a distinct change in Bouguer anomaly level of +3 -3 mgal 
which is evident from a comparison of the first fifteen and the last twenty 
stations on the residual profile. This change in Bouguer anomaly level may be 
attributed to a density contrast across a steeply dipping junction or fault 
located along the southern margin of Findhorn Bay. From a study of the 
saturated densities in Table V it is suggested that the density contrast arises 
between metamorphic rocks to the north and less dense Old Red Sandstone strata 
to the south. The second component of the residual anomaly is an asymmetrical 
positive gravity anomaly of 2 mgal located between stations 20 and 42. Also 
plotted on the same horizontal scale as the residual gravity profile in Fig. 19(b) 
is a total force magnetic profile defining a positive magnetic anomaly of more 
than 300 gammas coincident with this asymmetrical gravity anomaly. The 
details and results of the magnetic surveys are discussed in a later section, but 
from the coincidence of these two geophysical anomalies a likely explanation 
may be the presence of an igneous body, of limited areal extent, located within 
the Dalradian or Moinian. Because of the inherent impossibility of separating 

drawn. In spite of the possibility of a density contrast between Triassic strata 
and other sedimentary formations, no firm conclusions on the distribution of 
Triassic strata within the Elgin District could be drawn from the regional and 
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under contract to the Geological Survey. Using a fluxgate magnetometer, 
variations in the Earth’s total magnetic field were recorded along east-west 
National Grid lines at 2 km intervals and at a flight height of 1000 ft above 

National Grid lines. Aeromagnetic total field anomalies shown in Plate VI, 
with a contour interval of 10 gammas, represent deviations from a linear 
geomagnetic field computed by the same procedure as used in the reduction of 
the ground magnetic surveys. 

The aeromagnetic anomaly contour map exhibits a large positive magnetic 
axis with a maximum enclosure located one mile east of Lossiemouth. To the 
north of this feature the axial trend changes from north-south to north-east- 
south-west. There is good correspondence between the aeromagnetic anomaly 
map (Plate VI) and the ground magnetic map (Plate Vb) with the exception of 
the Brodieshill anomaly, which is shown as trending north-west on the aero¬ 
magnetic map in contrast to the circular enclosure delineated by the ground 
magnetic survey. One explanation of this discrepancy between the two surveys 
is that the recorded values of certain ground magnetic stations may have been 
affected by local artificial disturbances or a magentic storm which occurred in 
an interval between magnetic base readings. 

An approximate interpretation method developed by Smellie (1956) has been 
applied to an aeromagnetic profile across the Brodieshill anomaly. The most 
satisfactory interpretation is achieved by representing the causal body by a line 
of magnetic poles striking at N. 40° E., in which case the estimated depth is 
1100 ft below ground surface. Another interpretation in terms of a two dimen¬ 
sional body gives a depth below ground surface of 1600 ft. 

Aeromagnetically the positive feature at Wards is defined as a symmetrical 
enclosure slightly elongated along a north-south axis, which is in contrast to 
the roughly east-west elongation of the crescent-shaped maximum anomaly 
indicated by the ground magnetic survey. Application of the methods of Peters 
and Smellie to the aeromagnetic anomaly near Wards gives depths below 
ground surface to the top of the causal magnetic body of 2300 ft and 3100 ft 
respectively, which compare unfavourably with depths varying from 950-1250 ft 
interpreted from ground magnetic data. However, one explanation may be that 
the aeromagnetic flight line spacing is large compared with the area of the 
Wards anomaly and is probably insufficient to define the anomaly accurately 
for interpretation purposes. 

Geophysical Surveys Across the Loch Spynie Basin 
Consequent on the regional gravity and ground magnetic surveys observed in 

the Elgin District by the Geophysics Department of the Geological Survey, a 
series of detailed gravity, seismic refraction and resistivity observations were 
made north of Elgin across the basin of the former Loch Spynie. The object was 
to obtain information concerning the configuration of superficial deposits and 
thereby assist in the selection of a site for an exploratory bore. 

Inspection of the Bouguer anomaly map (Plate Va) for evidence of a 
negative anomaly in the Loch Spynie area, caused by a basin of superficial 
deposits within consolidated strata, proved fruitless. However, two hundred 
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located across the Loch Spynie basin. The positions of the traverses and the 
observed Bouguer anomaly profiles are given in Figs. 20 and 21 respectively. 

Fig. 20. Sketch map showing location of gravity and seismic refraction profiles across 
Loch Spynie basin 

It can be seen that gravity profile G3, situated between a point [21756565] and 
Silverhills [20906808], and gravity profile G4, observed along the road between 
Myreside [21566492] and a point [19816842) both exhibit a small negative 
anomaly superimposed upon the northern gradient of the positive gravity 
axis which extends through Quarry Wood to Lochside. This northern regional 
gradient is well defined by gravity profile G5, extending a half-mile east of 
Loanhead [18376453] to Phillexdale [16836787]. If the regional gravity gradient 
is removed from profiles G3 and G4 by inspection, the residual anomaly is a 
gravity trough of about 0-5 mgal situated on profile G4 between stations 10 
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Fig. 21. Gravity profiles across Loch Spynie basin 
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Glacial sand and gravel; Gollachy Croft. 

Post-Glacial beach and cliff; Auchenreath. 
Fluvio-glacial terrace; Burn of Tynet. 
Quarries in beach-shingle; £-mile " 
Shingle-ridges of post-Glacial beach; Caysbriggs and Covesea. 
Glacial striae, late-Glacial beach gravels, and till; Greenbrae Quarry, 

Feature and flat of raised beach; Hopeman. 
Old sea-cliff in glacial deposits; Ardivot. 
Terrace feature; south of Quarry Wood. 
Features of glacial sands and silts; Hempriggs Sandpits. 
Raised beach; NNE. of Milton Brodie House. 
Ridge of glacial sand and gravel; Hempriggs. 
Glacial sand and gravel overlying till; Morayscaim. 
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